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PREFACE. 



Ik the first edition of this Treatise, its utilitj, in 
the absence of other works upon the subject, was 
assigned as an apology for its publication. The in- 
struments, whose uses it explains, are often so little 
understood, that scarcely half of them are of any 
service to their possessor. The Sector, in particular, 
the most important in the box, is generally regarded 
as unintelligible. The Slide-rule is briefly noticed 
in some of the treatises on Mensuration ; but, as the 
pupil is presented merely with a few formal precepts 
how to use it, without knowing why^ he never under- 
stands its nature, never understands the method of 
determining the real value of any result, and, ac- 
cordingly, soon lays it by with dissatisfaction, and 
banishes it from his memory. 

The steady sale which the first edition has met 
with has convinced the Author that his labours were 
not in vain, and that he has extended among many 
thousands a knowledge of intrinsic value to all em- 
ployed in the delineation of mathematical figures. 
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4 PREFACE. 

No attempts, however, are perfect in the beginning; 
and much was wanted in the first edition to render 
the work complete. This additional information 
ha9 been supplied. Several problems have been 
prefixed, requiring only the compasses and riiler, 
which, together with those that follow, embrace all 
that are truly useful, and preclude the necessity of 
referring to other works on Practical Geometry. 

In books upon this subject, it is not usual to annex 
reasons for any of the operations, but it has been 
thought advisable to do so, in a few instances, with 
the more difficult problems ; with the rest it is not 
attempted, because, to have entered fully upon the 
subject, would have been to transcribe the whole of 
the Elements of Euclid, a work which is within the 
reach of every one, and which every one mtist study, 
who desires thoroughly to understand Geometry. 

The part relating to Trigonometry, though concise, 
will be found to comprehend every thing necessary 
to enable the student to obtain a clear conception 
of the subject, and when carried out in connection 
with the portion devoted to Navigation, will render 
its acquirement alike easy, pleasing, and useful. 

The chapter on Logarithms is written simply to 
show the mode of adapting them to instrumental 
computation ; a purpose to which every part of the 
work is, as a matter of course, as much as possible 
made subservient. 

The section relating to the Slide-rule has been 
entirely re- written ; and, in this portion of the work, 
the Author flatters himself there will be found much 
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PBBFACS. 6 

that is perfectly new, and many remarks calculated 
to awaken and stimulate the youthful mind to think 
for itself; a habit of the utmost value in mathema- 
tical science, which, being based on truth, courts in- 
vestigation, and requires that we shall never assent 
till we can comprehend. In this part, the formulae 
for surfaces and solids have been so modified as to 
embrace almost every species of mensuration under 
the simplest form ; questions for practice are inter- 
spersed throughout, that the student may test his 
proficiency, and acquire facility in the use of the 
rule; and tables are inserted at every step, for the 
purposes of computation; a practice in all cases ad- 
visable, as the instrumental operation and numerical 
calculation necessarily check and illustrate each 
other. 

The reciprocals of divisors, employed as factors, 
are convenient in, practice; but it was deemed ad- 
visable, upon the whole, to omit them, as the formulsB 
for numerical computation would have then been 
difierent from tho^ suited to the Slide-rule, which 
would have tended to perplex the mind of the 
learner; whereas, by retaining the same form for 
both operations, it is obvious that to understand one 
is to understand the other; and the student, instead 
of coming to regard the instrumental mode of solu- 
tion as something entirely distinct from the nume- 
rical, and looking upon the agreement of the two 
rather as a coincidence than a consequence, as is 
too often the case, will see that, in fact, they are 
identical, and cannot fail, in a short tinle, of having 
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6 PBSFAOE. 

the very clearest conception of the %hole of the 
subjects treated of. 

It is somewhat surprising, that, after the Ifipse of 
two hundred years, so excellent an instrument as the 
Slide-rule should be so little known and appreciated 
by mathematical students in general. To the engi* 
neer and the excise officer it is perfectly familiar, 
and of daily utility; but, from its having been al- 
most exclusively confined to them, there is an idea 
prevalent among gentlemen engaged in education, 
that it can neither be understood by their pupils 
nor be of any utility to them. A more erroneous 
conception, on both accounts, cannot be formed; 
for a knowledge of the instrument is acquired with 
little or no effort, and it may be truly stated, that 
it is the most valuable adjunct to mathematical 
study that can possibly be desired. Nothing im- 
prints a fact so firmly on the mind as repeated 
exercise. As Demosthenes, when asked the three 
principal requisites in oratory, summed them up in 
the word action; so may we say of learning, that 
the three great essentials to its success are contained 
in the word repetition. Dexterity in every art, and 
skill in every science, must be acquired by this 
means, and by this alone. But, in the solution of 
questions that are necessarily laborious, every one 
feels a great disinclination to work through manjf 
examples, much less to repeat them; the consequence 
is, so little impression is made on the memory, that 
the knowledge is, in many instances, forgotten as 
soon as acquired. Now, by the Slide-rule, the most 
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PREFACE. 7 

tedious calculations are effected nearly as easily as 
the most simple. The student can, therefore, after 
accompanying them the first time with the numerical 
solution, go over the operations again and again 
with the rule, with the greatest ease and rapidity, 
deepening the impression each succeeding time, and 
rendering the knowledge obtained distinct and per- 
manent. 

In the truth of this, the Author is not only borne 
out by his own experience, but he can refer, with 
pleasure, to schools in which they have been adopted, 
and in which they have proved of the greatest assist- 
ance; and no one, really fond of knowledge, who 
may give them a trial, will regret the little extra 
trouble they may cause, but will rejoice in having 
found so excellent an aid to study. Mathematical 
science is of such extensive utility that it ought to 
be universally understood; and it is impossible to 
go five or six times through the present work, which, 
after the first, may be done in a very few days, with- 
out being as familiar with the Surfaces and Solids, 
and with Trigonometry and Navigation, as with the 
multiplication table.; and this is the great object to 
be attained. To be bai'ely acquainted with them is 
not sufficient; knowledge, to be useful, must be at 
the moment accessible, so that we may be enabled 
to proceed without error or hesitation ; and'that the 
most intimate familiarity ivith the above-mentioned 
studies will be obtained by the method here pointed 
out, has been again and again tried, and with the 
happiest re8ults% 
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8 PREFACE. 

The small section allotted to Land Surveying does 
not properly come within the design of the work, 
but it was thought it might prove useful, and has ac- 
cordingly been inserted. The measuring of a field, 
which is all that can at all be consistently aimed at 
here, is so very simple, that one example was deemed 
sufficient as a guide; but, in teaching the subject, 
more is necessary; and a very efficient method is to 
draw on a piece of paper a sketch of a field, which, 
with the help of a feather-edged plotting scale, or a 
diagonal scale and a pair of compasses, the pupil 
should measure, and enter his notes in a field-book, 
or slate, ruled for the purpose. The sketch should 
now be handed to the tutor. The learner, then, 
from his notes, is to construct another, upon paper, 
from the same scale. When finished, its correctness 
can be readily ascertained by laying it upon the 
original, and holding them up to the light, when, if 
accurately laid down, the lines will, of course, cor- 
respond. This plan has been tried for many years, 
and found to convey a very good idea to the mind 
of the learner. A little occasional field-practice, 
which is indispensably requisite, soon renders the 
study pleasant, and the progress certain. . 

The chapter on Cask Gauging will, it is humbly, 
hoped, prove a valuable acquisition to the ganger. 
The great uncertainty and inconvenience of the four 
varieties render it extremely desirable to have some 
general, and, at the same time, easy, and easily re- 
membered rule of approximation; and from the 
method employed in making casks, it is obvious that 



y Google 



PREFACE. 9 

the exact agreement of their shape with any definite 
geometrical solid must be perfectly fortuitous. The 
four varieties, however, are exemplified, together 
with the general rule for frustums; which latter, 
though rather tedious, would soon become familiar 
if once adopted. 

In Navigation, for working a day's reckoning, the 
rule is peculiarly convenient, and sufficient for all 
practical purposes ; superseding the incessant turn- 
ing over and transcribing from tables 5^ which, though 
in themselves they are one of the most splendid in- 
ventions of all time, and, in elaborate calculations 
requiring minute exactness, indispensable, are yetj 
in their application^ as perfectly mechanical as the 
instrumental operation itself; so that no reasonable 
objection can be urged against the adoption of the 
Gunter, that does not apply, with equal force, to 
the use of Logarithms altogether. 

For gentlemen, however, who may not desire to 
use the Slide-Bule, it may be here stated, that the 
work by no means absolutely requires it ; it is equally 
available as a Treatise on Mensuration, Trigonome- 
try, and Navigation. For the purposes of calcula- 
tion, it would be found a great convenience to copy 
out, upon a sheet of Bristol board, the tables at 
pages 115, 116, 118, 123, 126, 129, 136, 137, 188, 
150, 182, and 198, as it would save much needless 
turning over of the pages ; and if each were enclosed 
in borders, and slightly washed over with difierent 
colours, it would make them of easier reference. 

In studying Trigonometry, Wallace's Practical 
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10 PBEFACS. 

Mathematician's Pocket Goide will be found a con* 
yenient Bet of Logarithmic Tables; their cost is a 
mere trifle. Barlow's and Galbraith's Tables are 
extremely useful. The latter contains the secants 
and cosecants, which, as complemental to the cosines 
and sines, offer great facilities in calculation. 
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A TREATISE 



A BOX OF INSTRUMENTS. 



A BOX OF INSTRUMENTS. 

The contents of a case of Mathematical Instruments 
are; generally; a pair of plain compasses, a pair of bow 
compasseS; a pair of drawing compasses, and a drawing 
pen ; a parallel ruler, a protractor, a plain scale, and a 
sector. The plain compasses consist of two inflexibfe rods 
of brass, revolving upon an axis at the vertex, and fur- 
nished with steel points. The bow compasses are a 
smaller pair, provided with a pen for describing small 
circles in ink. The sides of the pen are opened or dosed 
with an adjusting screw, that the line may be drawn fine 
or coarse as required. The drawing compasses are the 
largest of the three ; one of the legs is furnished with a 
socket for the reception of either of the four following 
pieces, as occasion may require : — ^1. A steel point, which, 
being fixed in the socket, makes the compasses a plain 
pair, like the other ; 2. A port-crayon, for the purpose of 
carrying a piece of blacklead, or slate-pencil, according as 
paper or slate is used for drawing upon; 8. A steel pen, 
like the one attached to the bow compasses, but larger, for 
thepurposeof describing circles of greater diameter; 4 A 

2 w 
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14 A TREATISE ON A "BOX OF 

rowel, or spnr-wlieel, with a brass pen above it, for the re- 
ception of ink, which the spur, in its circuit, distributes in 
dots upon the paper. The pen, the port-crayon, and the 
dotting wheel, are each furnished with a joint, that, when 
fixed in the compasses, they may be set perpendicular to 
the paper. The drawing pen is the same as the steel pen 
of the compasses, only that it is screwed upon a brass rod, 
of a convenient length for the hand, and into the rod 
itself is inserted a fine steel point for pricking. 

The parallel ruler consists of two flat pieces of ebony or 
ivory, connected together by brass bars, having their ex- 
tremities equidistant, by which contrivance, when the 
ruler is opened, the sides necessarily move in parallel 
lines. The protractor is a semicircular piece of brass, di- 
vided into 180 degrees, and numbered each way, from 
end to end. In some boxes this is omitted, and the de- 
grees are transferred to the border of the plain scale. The 
plain scale is a flat piece of box or ivory, and is so called 
from containing a number of lines divided ii^to plain oic 
equal parts. A scale of chords, of a fixed radius, is also 
graduated upon it. The sector is a foot rule, divided intoi 
equal portions, movable upon a brass joint, or axis, fron^ 
the centre of which are drawn various lines through the 
whole length of the ruler. The legs represent the radii 
of a circle, and the middle of the joint expresses the 
centre. The lines upon the sector are of two sorts, single 
and double : the single lines run along the margin and 
the edges; the double lines radiate from the centre to the 
extremities of the legs, and are marked twice upon the 
same fiioe of the instrument, in order that distances may 
be taken upon them crosswise, when they are opened to 
an angular position. 

Digitized by VjOOQlC 
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PRACTICAL GEOMETRY. 
R 



. r 




DEFINITI0N8. 

A POINT is that which has position, without length, 
breadth, or thickness. 

A line is length, without breadth, or thickness. 

A superficies is length and breadth, without thickness. 

A solid is that which has length, breadth, and thick- 



An angle is the openmg of two straight lines meeting 
in a point, as RAE. 

Lines which run nde by side, and are always equidis- 
tant, are called parallels, as SD, EL. 

A line is perpendicular to another when the angles on 
both sides of it are equal; and each of thesd angles is 



y Google 



16 A TREATISE ON A BOX OF 

called a right angle ; thus EA is perpendicular to WS ; 
and the angles BAW, RAS; are right angles. 

An acute angle is less than a right angle^ as EAS. 

An obtuse angle is greater than a right angle, as TAS. 

A figure containing three sides is called a triangle. 

The boundary of a right-lined figure is termed its 
perimeter. 

A triangular figure containing three equal sides is an 
equilateral triangle, as KBC. 

If two of its sides only are equal, it is an isosceles 
triangle, as BHC, in which BH = HO. 

If the three sides are unequal, it is a scalene triangle, 
asKBH. 

A triangle containing a right angle is called a right- 
angled triangle, as ABC. 

A triangle containing an obtuse angle is an obtuse- 
angled triangle, as KHB. 

An acute-angled triangle contains three acute angles^ 
asNMC. 

A figure containing four sides is called a quadrilateral. 

A parallelogram is a quadrilateral whose opposite sides 
are parallel, as SKLD, KPOL. 

A rectangle is a parallelogram whose angles are right 
angles, as KMCL. 

A square is a rectangle whose sides are equal, as ABCD. 

A rhomboid has its opposite sides equal, but two of its 
angles are obtuse, and two acute, and these are opposite 
to each other, and equal, each to each, as KBML^ 

A rhombus, like a square, has all its sides equal, but 
two of its angles are obtuse, and two acute, and .these are 
opposite to each other, and equal, each to each, as PBMO. 
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INSTRUMENTS AND THE SUDB-RUUB. 17 

When a quadrilateral has osly one pair of its sides 
parallel, it is called a trapezoid, as PBCO. 

When none of its sides are parallel it is a trapezium, 
as EHNL. 

A line crossing a quadrilateral from opposite angles, is 
termed a diagonal; l^us AO, BD, are the diagonals of the 
square ABCD. 

Figures of more sides than four are called polygons. 

K all the udes and angles are equal, it is a regular 
polygon ; if unequal, an irregular pol jgcm. 

A polygon of fire sides is termed a penjbagon ; of six, a 
hexagon ; of seven, a heptagon ; of eight, tA octagon ; of 
nine, a nonagon; of ten, a decagon; of eleven, an un- 
decagon ; and of twelve, a dodecagon. 

A triangle is sometimes called a trigon ; and a quadri- 
lateral, a tetragon. 

A circle is a plane figure bounded by a curved line 
called the circumference, which is eveiywhere equidistant 
from the centre. 

A right line passing through the centre, and meeting 
the circumference at each extremity, is called the diameteri 
asSM. 

A right line reaching from the centre to the circumfe- 
rence is termed the radius, as HM. 

An arc of a oircle is^my part of the drcuniferenoe, as 
the curve from S to X. 

A chord is a right line joining the extremities of an 
arc, as the straight line from S to X. 

A segment is a space included between an arc and its 
chord, as SZXS. 

A sector is a part of a drde contained by two radii and 
the arc between them, as SHXZ. 
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18 A TREATISl: ON A BOX Of 

Hence a sector is made up of a triangle and a segment. 

A semicircle is half a circle; a quadrant, the fourth 
part; a sextant^ the sixth part; and an octant, the eighth 
part?" 

A rectilineal solid whose ends are equal, similair, and 
parallel, and whose sides are parallelograms, is called a 
prism. 

If the ends also of the prism are parallelograms, it is a 
parallelopiped : if all the sides are square, it is a cube : if 
the ends are unequal and dissimilar, it is a prismoid. 

A cylinder is a round solid, of uniform thickness, hav- 
ing circular ends. 

A pyramid is a solid which has a rectilineal base, and 
triangular sides meeting in a point called the vertex. 

A cone is a round solid tapering uniformly to a point. 

A sphere is a solid every way round. 

A segment of a solid is the part cut oJQT the top by a 
plane parallel to it^ base. 

A frustum is the part left at the bottom, after the seg- 
ment has been cut off; 

Prisms, cylinders, pyramids, and cones are said to be 
right or obliqued according as the base is cut perpendicu- 
larly or obliquely to the axis. 

Plain figures formed by the cutting of a cone are called 
conic sections. A cone may be- cut five ways. If the 
cutting plane passes through the vertex of a right cone 
and any part of the base, the section is an isosceles tri- 
angle ; if through the sides, parallel to the base, a circle ; 
if obliquely through the sides, an ellipse ; if through one 
side and parallel to the other, a parabola ; if in any other 
way, the cutting plane will run beyond into a similar cone 
inverted over the other, and then the section is termed an 
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INSTRUMENTS AND THE SLIDE-RULE. 19 

hyperbola. (Nl jB« An ellipse may he considered as an 
elongated circle, and may he descrihed hy driving in two 
pins as centres, passing over them a string with a loop at 
each end, and working a pencil round within the string, 
keeping it stretched to its limits.) The centres are usually 
called foci : the diameter passing through them is termed 
the transverse ', the short one at right angles to it^ the con- 
jugate diameter. 

A line perpendicular to either of the diameters is called 
an ordinate ; and the sections of the diameter met by it 
are termed abscissas. 

The vertex of a conic section is the point where the 
cutting plane meets the opposite sides of the cone. The 
axis of a parabola or hyperbola is a right line drawn from 
the vertex to the middle of the base. 

All round solids may be conceived to be described by 
the rotation of planes on their sideS; or diameters; as axes. 

A right-angled triangle rotating on its perpendicular, 
forms a cone ; a parallelogram^ revolving on its side, pro- 
duces a cylinder ; if a circle turn upon its diameter, it 
shapes out a sphere ; and the revolution of an ellipse gene- 
rates a spheroid. If the ellipse revolves on the transverse 
diameter, the spheroid is called prolate; if on the conju- 
gate, an oblate spheroid. The figure formed by the revo- 
lution of a parabola about its axis is termed a paraboloid, 
or parabolic conoid ; the solid formed in the same way 
by an hyperbola, an hyperboloid, or hyperbolic concoid. 

If a section of a curve revolve on a double ordinate as 
axis, it will generate a spindle ; and this will be circular, 
elliptic, parabolic, or hyperbolic, according to the curve 
from which the section is taken. 

A regular body is a solid contained under a certain 



y Google 
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number of similar and eqnal plane figures. There are but 
five kinds, which are, the tetraedron, haying four equal 
triangular faces ; the hezaedroU; or cube, which has six 
equal square faces ; the octaedron, which has eight equal 
triangular faces ; the dodecaedron, which has twelve equal 
pentagonal faces ; and the icosaedron, which has twenty 
equal triangular fiEioes. 



THE COMPASSES. 



1. To bisect a given line AB. 







D 



D 

From A and B as centres, with any radius greater than 

half AB, describe arcs cutting each other in andB. 

Join the points G and B, by drawing the straight line CD; 

this will be perpendicular to AB, which ii will bisect in 

the point E. 
2. To bisect a given angle ABC. (See p. 21.) 
From B as a centre, with any radius, describe the are 

DE. From D and E, with the same, or any other radius, 

draw Arcs cutting each other in F. Join BF, and it will 

bisect the angle as required. 
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8. To erect a perpendicular to a straight line AB; from 
a given point C within it. 



DOB 
When the point C is near the middle of the line, on 
each side of it set off any two equal distances CD, CB. 
From D and E as centres, with any radius greater than 
CE or CD, describe arcs cutting each other in F. Join 
FC, and it will he perpendicular to AB. 




D c 

When the point C is at or near the end of the line, from 
C, with any radius, describe the arc DEF. - From D, with 
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the Bame radios^ cross it in E. From E^ with the sune 
radinS; describe the arc GF ; and from F; with the same 
radios^ cross the last arc at 0-. Lraw OC, and it will be 
perpendicolar to AB. 

4. To draw a perpendicular to a line AB, from a point 
G without it. 






^G 



When the point C is nearly opposite the middle of the 
line, from C, with anj convenient radius, desfsribe the arc 
DFE crossing AB in D and E. From D and E, with 
the same or any other radiuS| describe arcs cutting each 
other in G. Draw CG-; and it will be perpendicular to AB. 




When the point is nearly opposite the end of the line, 
from draw any line CD. Bisect CD in E; and from 
E, with the radius EC, cross AB in F. Draw OF, and 
it will be perpendicular to AB. 
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5. To make an angle equal to a given angle ABO. 

.A 





From B, with any radiuS; draw the arc GH ; and from 
K, with the same radius, describe the arc KL. Make 
KL equal to GH, and through K draw the straight line 
ED. TheZ. DBF = £ ABC. 

6. To desoribe a oirole through three given points A, B, 
andC. 




From B, with any radius less than BA, describe the arc 
ahcd; and from A and 0, with the same radius, cross it 
in a and 6, c and d. Draw straight lines through the 
points of intersection to meet in D, which will be the 
■ centre of the circle required. 
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To find the centre of a given circle, take any three 
points in the circumferenoe, and proceed in like manner. 

To describe a circle about a triangle, select the three 
angular points, and proceed in like manner. 

7. To construct a triangle of which the three sides A, 
B, and C are given. 




Draw the line DE equal to A. From D, with C f or a 
radius, describe an arc at F ; and from E, with B for a 
radius, cross it at F. Draw the lines DF, EF, and DEF 
will be the triangle required. 

To construct an equilateral triangle proceed in the same 
manner, taking the base each time as radius. ' 

8. To construct a rectangle, whose length A B and 
breadth jure given. 




At A erect a perpendicular AD, equal to C. From D, 
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with the dbtance AB, describe an arc at E ; and from B, 
with the radius C, cross it at E. Draw DE^ EB. 
ABEB is the parallelogram required. 

To construct a square, make the perpendicuUur equal to 
the base, and proceed in like manner. 

To construct a rhombus and rhomboid, determine the 
angle by problem 5, and then proceed in like manner. 

9. To draw a line parallel to a given line AB, at a 
given distance. 

G H 



Take any two points E and E in the line AB, and, with 
the given distance, describe the arcs O and H. Draw the 
line CD touching the arcs, and it will be parallel to AB. 

When the line is to pass through a given point C. 



\ 



In AB take any point O, and with the distance QG 
describe the arc CH ; from C, with the same radius, de- 
scribe the arc GE, and make FO equal to CH. Through 
F and C draw the straight line DE, and it will be paral- 
lel to AB, as required. 
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10. To project an ellipse^ or oval^ the length A B and 
breadth A C; being given. 




Bisect AC in D, and upon it describe the semicircle 
AEG. At C draw a straight line CB, perpendicular to 
AC ; and from the point A, with the given length as a 
radius, cross CB in B. From the semicircle AEC and 
parallel to CB, draw any number of straight lines FGr^', 
BKkf NMm, EDd, &c. On the line AB, at the points 
of intersection, m, 7c, g, &c. erect perpendiculars, and make 
gf equal to GF, Tck equal to KH^ mn equal to MN, &c. 
Lastly, trace a curve line from B through the points /, A, 
n, e, &o., and it will give half of the ellipse, from which 
the other ha}f may readily be constructed. Thid method 
is of greajb utility in describing elliptical arches, stair- 
cases, &c., ai^d for any purpose in which circmlar figures, 
or figures of any shape, require to be elongated witboii^ 
altering the breadth, as in cutting gores for globes, &c.| 
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in which case AB will be equal to half the drcumferencey 
the breadth DE being regulated by the number of gores 
employed. In instances like these,- the length AB will 
be very great compared with the breadth DE, and AB 
may then be divided in the same proportion as AC, by 
other means ; for example, if the length is to be 12 times 
the breadth, then each of the distances Bg, ghy km, will 
be 12 times the corresponding distances CG-, G-K, KM. 
This method of projecting ellipses is derived from conceiv- 
ing a right cylinder to be cut by two planes, one parallel, 
and the other oblique to the base. 

THE PAKALLEL KULER. 

1. Through a given point A, to draw a line parallel to 
a given line DE. 

B - i 



Lay the edge of the ruler upon DE, and move it up- 
wards till it reaches the point A, through which draw BO. 
BG is parallel to PE. 

2. To make an angle equal to a given angle ABC. 




Lay the base EF, in a line with BC, and draw ED, 
parallel to BA. 
TheZ. DEF = Z. ABC. 
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3. To find a third proportional to two given Btnught 
lineS; AB, AC. 




Place them together bo as to form any angle DAE. 
Take AD = AC. Draw BC, and DE, paraUel to it. 
AB:AC::AC:AE. 

4. To find a fourth proportional to three given straight 
lines, AB, CD, ER 




GEM 

Make any angle, LGM. Take GH = AB, GK = CD, 
and GL = EF. Join HK, and draw LM parallel to it. 
AB : CD : : EF : GM. 
. ForGH:GK::GL:GM. 



5. Another method. Given AB : CD : : EF : ? 

K 

A B 




N E- 
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-B 



Make a rectangle QHLK, of the second and third, 
CD, EF ; and in one of the sides, produced if necessary, 
take KM, equal to the first, AB. Draw G-M, to meet 
HL, produced if necessary, in N. 

AB : CD : : EF : HN. 
For KM :GH::KG:HN. 
And the third problem may be performed in a similar 
manner, by making a square of the second term. 

6. Hence to inscribe a square in a given triangle ABO. 
A B B 




B K L 

Through the yertex A, parallel to BO, draw the straight 
line AE, and from raise a perpendicular to meet it in D. 
Draw DE, equal to DC. Join EB, cutting DO in F. 
Through F draw FG, parallel to BO, and through H and 
G draw HL, GK, parallel to DC. GL wUl be the 
square required. 

ForFC:CB::CD:BC+DE p^ CD 

That is, GH :CB : : CD : BC + CD.;. GH =:^^^-±^. 
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That iS; the side of the inscribed square is eqnal to the 
product of the base and altitude divided by their sum : or 
the sum b a fourth proportional to the side^ base^ and 
altitude. 

7. To divide a given line AB; similarly to another CD. 




On CD; construct the equilateral triangle CDE, and 
from the vertex downivards cut off EF = AB. Draw FG, 
parallel to CD, and join EH, EK. Transfer the divisions 
L and M, to and P. AB is divided, in the points OP, 
similarly to CD, in H and E, that is, 

CD : AB : : CK : AP : : CH : AO. 

8. Another method. Let AB be the divided line, and 
AC the line required to be similarly divided. 

Lay them together, making any angle CAB. Join 
the extremities CB, and draw.OE, FD, parallel to CB. 
AC is divided similarly to AB; that iis, 

AB : AC : : AE : AG : : AD : AF. 

C 
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9. Hence to divide a line AB; into any number of 
equal partS; as four. 




Draw an indefinite line OD, and from C; set off any 
distance the intended number of times, in the points 
1^ 2; 3, 4. On 4, construct the equilateral triangle EG 4. 
Make EF= AB, and draw FG, parallel to CD. FG is 
equal to AB. Join E 1, E 2, E 3 ; and FG, that is AB,' 
will be divided into four equal parts^ 

10. Or by the other method. 




JT B D B 



From A, draw the straight line AC, making any ingle 
CAB. From A, set off any distance the intended num- 
ber of times toward C, in the points 1, 2, 3, 4. Draw the 
line 4 B, and parallel to it 3 D, 2 E, 1 F. AB will be 
divided equally into the required number of parts. 
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11. To reduce a trapezium ABOD^ to a triangle. 
B 




Draw the diagonal AC, and through B draw BE, 
parallel to it; meeting DC; produced to E. Join AE. 
The triangle ADE; is equal to the trapezium ABO. 

12. To reduce any polygon ABODE; to a triangle. 





Draw the diagonals OE; OA; and produce AE; boUi 
wayS; to F and Gt. Draw DGt, parallel to OE; and BF, 
to OA. Join OF; OG. The triangle OFO, is equal to 
the polygon ABODE. 

13. To reduce a triangle ABO; to a parallelogram. 

E 
Fi 1 :?vA 




y Google 



INSTRTTMSNTS AND THE SUDE-BUUS. 83 

^Through the vertex A draw FA^ parallel to BC. Bisect 
BC in D, and raise DEj perpendicular to BC, meeting 
FA in E. Draw FB parallel to ED. The rectangle 
FD; is equal to the triangle ABC; for the content of a 
triangle is equal to the product of half the base by the 
altitude. 

14. To reduce a parallelogram ABCD^ to a square. 




Plroduce BC to E^ making CE = DC. Bisect BE 
in F. Produce DC to K, making FK==FE, and 
CGr = CK. Through K draw KH, parallel to BE, and 
through G draw QtH, parallel to DK. The square OE, 
is equal to the rectangle AC, and CG is a mean propor- 
tional between DC and CB ; that is, 

DC : CG : : CG : CB. 

15. Hence to make a square equal to any given polygon 
ABDC. 
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B 




Reduce it to the triangle ACE, and this to the paral- 
lelogram CHGF, and this to the square NM. 

16. To reduce a triangle ABO, to another that shall 
be of a given altitude AD. 




Join DC, and through the vertex B draw BE, parallel 
to the base AC, meeting AD, produced if necessary, in 
the point E. Through E draw EF, parallel to DC. 
Join DF. The triangle DAF = AB^C. 
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THE PROTRACTOR, 

It is unnecessary to describe the construction of this. — 
It is simply a semicircle, divided into 180 equal parts, 
termed degrees. As mentioned in the introduction, these 
degrees are, in some boxes, transferred to the border of the 
plain scale, which is used precisely as the protractor: it is, 
however, far from being so convenient as the semicircle. 
Some protractors are complete circles, and contain, of course 
360 degrees. 

USES. 

1. To find the number of degrees contained in any 
given angle BAC. 




Lay the central notch of the instrument upon A, and 
the edge along AB, as in the diagram; and observe the 
number cut by the other line AC. 

2. To ky down an angle ABC, which shall contain a 
l^ven number of degrees. 
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B 

Draw a line BC, of any length. Place the notch against 
B, and the edge along BO. Prick a point D against the 
number required, and through it draw the line AB. 

3. Through a given point C, to draw a line paralell to 
a given line AB. 

D 



B 



In AB take any point E, and join GE ; and make the 
angle DOE, equal to the angle OEB, by the line DO. 
DO is parallel to AB. 

4. To divide a given line AB, into any number of 
equal parts. 
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From the eztromities of the line AB^ draw the lines 
AC^ BD; malcing equal angles. From A towards 0^ and 
from B towards D, set off any distance once less than the 
intended number of parts. Number one from the extre- 
mity A, and the other towards the other extremity B, and 
join the like numbers. AB will be divided as required. 

5. To erect a perpendicular to a given line- AB^ from 
a point 0; within it. 

D 



-B 



Place the edge along A B, and the notch at 0. Then 
against 90 prick the point D, and draw DC DC will be 
the perpendicular required. 

6. To let ML a perpendicular upon a straight line AB 
from a point C. 




Draw any line CA. Observe the number of degrees 
contained in'the angle GAB. Subtract it firom 90; and 
make the angle ACB, equal to the remainder, by the line 
CB. CB will be the perpendicular required. 

4 
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7. To divide a given angle^ ABG^ into any number of 
equal parts. 




Find the number of degrees ; divide it by the required 
number of parts^ and prick off the quotient along the rim, 
as in D. Join BD. 

8. To inscribe a circle in a given triangle, ABC. 

A 




Bisect any two of the angles ABC, ACB, by the 
straight lines BD, CD, crossing each othef in D, from 
which let fall the perpendicular DE. DE is the radius 
of the required circle. 
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9. In a oizcle to inscribe any regular polygon. 



89 




Divide 360 by the intended number of sides. Place the 
instmment with the notch against the centre^ and prick off 
the quotient round the rim. If the number of sides be 
odd^ the instrument will require to be turned round ; if 
eyen^ half may be pricked off; and lines drawn through 
the centre^ the extremities of which meeting the circle^ 
will give the points required. Connect the points^ and the 
polygon will be completed. 

10. To construct a regular polygon on a given line^ AB. 
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Divide 360 by the intended number of sides, subtract 
the quotient from 180, and halve the remainder. Make 
the angles CAB, CBA, each equal to this, by lines inter- 
secting in C. CA is the radius of a circle, round which 
the line AB may be carried the required number of times. 

11. To describe a circle within or without a regular 
polygon. 




Bisect any two angles, ABC, BCF, by the lines BJ), 
CD, and from D let fidl DE, perpendicular to the side 
BC. BD is the radius of the outer, and ED of the inner 
circle, as required.* 

THE PLAIN SCAlUl. 

The method of constructing the plain scale is obvious. 
A number of horizontal lines on one side having been 
drawn through the whole length of the rule, and a vertical 
column on the left for the reception of numbers, a distance 
of two inches is laid down, and divided, upon the top line 

* Polygons are more expeditiouflly contracted by means of the Sector, of 
irhidi hereafter. 
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into 9 equal parts, upon the next into 8^ and so on, down 
to 8. These are repeated along the rule as often as its 
length will allow ; the first portion of each is subdivided 
into tenths and twelfths ; and numbers are placed in the 
column^ showing how many of the tenths are contained in 
an inch. A scale of chords^ marked C^ is graduated along 
the top; and at 60 a small r is placed, indicating, that 
distance from the beginning to be the radius of the circle 
from which they are taken. They are merely the degrees 
of a quadrant or quarter of a circle^ laid down in a straight 
line; thus, — 




B 

Draw the lines BA, BC, at right angles to each other; 
and with any conyenient distance, BA, describe the arc 
AsC ; divide it into 90 equal parts, and join AC. From 
C as a centre, with the distances C 10, C 20, &c., describe 
the arcs 10, 10'; 20, 20', &o. meeting the line AG. Fill 
up the separate degrees, which are not marked in the 
diagram to prevent confusion, and the scale is complete. 

4* 
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It is evident^ by inspection, that the chord of 60 is equal 
to the radiuS) as shown by the letter r upon the rule ; 
which distance is therefore always to be taken in laying 
down angles) as will be described when we come to speak 
of its uses. 

The othet face of the rule is divided along the top into 
inches, and these into tenths. The next line is divided 
into 50 equal parts. Under these is what is called the 
diagonal scale. It consists of 11 equidistant parallel 
lines, crossed by vertical ones a quarter of an inch apart. 
By taking these alternately, another scale is obtained, of 
twice the size of the former. The first of each of these is 
divided into ten equal parts, above and below ; and oblique 
lines are drawn from the first perpendicular below to the 
first division above, and continued parallel, by which con- 
trivance the first space is divided into 100 equal parts : 
consequently, if the line contain ten of the large divisions, 
each of these small spaces is the thousandth part of such 
line. If, therefore, the large divisions denote hundreds, 
the first subdivisions will be tens, and the second, units. 



USES. 

The plain scale b simply for laying off distances. The 
manner of using the first side is evident. If the number' 
47 be required, place one foot of the compasses upon 4, 
and extend the other to the 7th subdivision of the tenths. 
J£ 3 feet 5 inches be required, place one foot on 3, and 
stretch the other to the 5th division of the twelfths. The 
following figure is laid down from the. scale at the bottom, 
numbered 15) and may be tested by the pupil.' 
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2jt a^Ti. 

The scale of chords serves the purposes of the protractor^ 
and is used as follows : — 

1. To find the number of degrees contained in a given 
angle, BAG. 




From A with the radius 60 describe the arc a a. Take 
the distance from a to a in the compasses, and apply it to 
the beginning of the scale. The number to which it 
reaches, shows the degrees contained in the angle. 

2. To make an angle ABC, which shall contain a given 
number of degrees, as 26. 




From B with the radius 60 describe the arc AC. Take 
26 from the scale ; place one foot of the compasses in C^ 
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and wiih the other cross the arc in A. Join AB. ABC 
is the angle required. 

And in the same manner may be performed all the pro- 
blems described under the protractor^ which need not be 
repeated here. 

The diagonal scale is used where more exactness is re- 
quired^ or when a number containing three figures is 
wanted, as 357, 85.7^ 8.57, &c. If the primary divisions 
denote hundreds, the subdivisions express tens, while the 
units are counted on the parallels — ^upwards on the left^ 
the quarter-inch scale } and downwards on the right^ the 
half-inch scale. If the primary divisions (those denoted 
by the perpendiculars) express tens, the diagonals will be 
units, and the parallels tenths, and so on ; each smaller 
division being the tenth of the next larger. 

In taking off numbers from this scale, proceed in an 
inverse order to the figures; that is, commence with the 
units, proceed to the tens, and end with the hundreds ; 
thus, to take off 846 from the larger scale. Place one 
foot of the compasses upon the sixth parallel where it is 
crossed by the fourth diagonal, and extend the other to 
the third perpendicular. To take off 1889 from the 
smaller scale. On the 9 th parallel, where it is crossed 
by the third diagonal, place one foot of the compasses^ 
and extend the other to the 18th perpendicular. 
To raise a perpendicular to a given line, AB. 

Make AC = 4 equal parts. 
From C, with a distance of 3 
from the same scale, make 
an arc ; and from A with 5 
cross it in D. Join DC* 
.•D DC will be the perpendicu- 
lar required. 
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Given two square pieces of deal board ; the side of one 
17 inches, of the other 29. It is required to ascertain the 
side of another that shall be equal to both. 




Lay down a base, AC = 29, and raise a perpendiealar 
BC = 17. Join AB; apply it to the scale> and it will be 
found 33.6. For the square of the hypothenuse is equal 
to the sum of the squares of the base and perpendicular. 

It* is required to find the diameter of a copper, that, 
being of the same depth as another whose width is 13 
inches, may contain thrice as much. 



Make AB == 13, and raise a 
perpendicular AC. From B, 
with twice the distance, cross 
it in C. Apply CA to the 
scale; it will be found to be 
22}. For if AB = 1, and 
BC=2, thenAC = |/3. 



Three men bought a grindstone, 20 inches in diameter; 
and agreed that the first should use it till he ground down 
i of it for his share ; the second to do the same ; and iho 
third to finish the remainder. Ascertain the diameters of 
the second and third shares. 
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Draw tbe line AB = 20 ; bisect it in C^ and on AC 
describe the semicircle AEDC. Divide AC into three 
eqnal parts^ in the points FG; perpendicular to which 
draw the lines EF, BOt, to meet the semicircle. Join 
EC; DC, and produce them till CH be equal to CD, and 
CK to CE. EK is the diameter for the second person, 
and DH for the third. By applying them to the scale, 
EK will be found to be about 16 J, and DH rather more 
than 11}. For AC.CG = CD* and AC.CF = CE* 
.-. CG : CF : : CD« : CE«; and the areas of circles are 
as the squares of their radii. 

Four men bought a grindstone of 80 inches in diameter; 
and agreed that the first should use it till he ground down 
l-4th of it for his share, deducting 6 inches in the middle 
for waste ; and then that the second should use it till he 
ground down l-4th part; and so on. What part of the 
diameter must each grind^down ? 
• l-5th of the diameter being waste, l-25th of the content 
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is waste ; therefore^ conceiving the whole to contain 25 
shareSi 1 share will be for waste^ and each person will have 
6 shares. 

Hence, draw the line AB = 30; and on AC describe the 
semicircle AHKLMC. Divide AC into 25 equal parts 
by problem 10, parallel raler; and make AG, GF, FE^ 
ED, each equal to 6 of these parts. From the points 
G, F, £, D, raise perpendiculars to meet the semicircle in 
H, K, L, M; join HC, KC, LC, and MC ; and, having 
drawn circles from H, K, L, M, with C as a centre, produce 
them to iT, O, P, Q. The diameter AB is 30 :. HQ will 
be found, upon applying it to the scale, to measure about 
26; feP, nearly 21 J; LO, about 16; and MN, 6 for the 
waste. Subtracting these in succession, we have 4 inches 
for the first, 4} for the second, 5* for the third, and 10 
for the last. 

The student will find these problems repeated at the 
end of the Uses of the Slide Rule. 
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TRIGONOMETRY. 

The circumference of a circle is supposed to be divided 
into 360 equal parts, called degrees. Each degree is 
divided into 60 minutes; each minute into 60 seconds; 
and so on. 

Degrees are marked with a small ^ at the top of the 
figure; minutes with ', seconds with "^ and so on. Thus, 
86^ 18' 25"— 36 degrees, 18 minutes, 25 seconds. 

P 




The difference of an arc from 90 degrees, or a quarter, 
is called its complement ; thus FC is the complement of 
CB. The chord of an arc is a line drawn from one ex- 
tremity of the arc to the other; thus OK is the chord of 
the arc CBK. 

The sine of an arc is a line drawn from one extremity 
of the arc perpendicular to the diameter passing through 
the other extremity ; fhus CD is the sine of the arc OB, 
or angle OAB, which it measures ; and OE is the sine of 
the arc OF, or angle OAF, which it measures. 

The sine is half the chord of twice the arc, or angle. 
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The tangent of an arc is a line touching the circle in 
one extremity of the arc^ and meeting a line drawn from 
the centre 'through the other extremity ', thus GB is the 
tangent of the arc CB, or angle CAB; and FH is the 
tangent of the arc CF, or angle C AF. 

The secant of an arc is the line meeting the tangent ; 
thus GA is the secant of the arc CB, or angle CAB ; and 
AH is the secant of the arc CF, or angle CAF. 

The versed sine of an arc is the part of the diameter 
intercepted between the arc and its sine : thus DB is the 
yersed sine of CB. 

The cosine, cotangent, and cosecant of an arc, are the 
complement's sine, tangent, and secant : co being simply 
a contraction of complement. Thus CE, or AD, is the 
cosine of CB, being the sine of the complement CF : so 
FH is the cotangent of the arc CB, being the tangent of 
the complement FC; and AH b the cosecant of CB^ 
being the secant of the complement CF. 

From these definitions it is evident — 

1st. That when the arc is 0, the sine and tangent are 0^ 
but the secant is then the radius AB. 

2d. When the arc is a quadrant, FB, then the sine is the 
greatest it can be, being the radius of the circle ; and the 
tangent and secant are infinite. 

8d. The yersed sine and cosine together make up the 
radius. 

4th. The radius AB, the tangent BG-^ and secant AG, 
form a right-angled triangle. 

5th. The cosine AD, the sine DC, and radius AC, also 
form a right-angled triangle. 

6th. The radius AF, the cotangent FH, and cosecant 
AH, also form a right-angled triangle. And since the 

& 
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angle FAH = the angle ACD = the angle AGB; 
these right-angled triangles are similar to each other. 
Hence 





AD 


: DC : 


: AB : BG 


Ti«. 


cosine 


: sine : 


. radios : tangent. 




AK 


: EC :: 


AF : FH 


TU. 


sine 


: cosine : 


radius : cotangent 




AD 


: AC : 


AB : AG. 


Til. 


cosine 


: radios : : 


radius : secant. 




£A 


: AC :: 


FA : AH. 


Ti«. 


sine 


: radius : . 


radios : cosecant. 




GB 


: BA : 


AF : FH. 


Ti«. 


tangent 


: radius : ; 


radios : cotangent. 



So the radius is a mean proportional between the cosine 
and secant^ the sine and cosecant^ and the tangent and 
cotangent. 

In every case in trigonometry three partg must be given 
to find the other three ; and one of these, at least, must be 
a side. 

The cases in trigonometry are of three varieties : 

1st. When a side and its opposite angle are given. 

2d. When the two sides and the contained angle are 
given. 

8d. When the three sides are given. 



I. 

When a side and its opposite angle are two of the given 
parts; then 

Any side : sine of its opp. angle : : any other side : sine 
9f its opp. angle. 
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And/ 



Sine of any L. : its opp. side : : sine any other Z_ 
its opp. side. 




Malce AE = BO^ and EF, 6D, perpendicular to AC. 
Then AB : BD : : AE : EF. But AE = BO; 

.-. AB : BD : : BO : EF. 
Bat BD is the sine of C; and EF of A ; 
.-. AB : sin opp. Z. C : : BC : sin. its opp. Z_ A. 



When two sides and their contained angle are giyen. 
Sam of ndes : their difference : : tang. } sum of oppo- 
site angles : tang, of \ their diff. 
Then } sum + } diff. = greater \ 
and } sum — } diff. = less. 
Let ABO be the proposed triangle^ having the two 
given sides AC; BC; including the given angle C. 




From C; with radius CA^ describe a semicircle; meeting 
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BO produced in D and E. Join AE^ AD^ and draw DF 
parallel to AE. ^ 

Then BE == BC + C A, the sum of the sides BC, CA : 
and BD = BC •— CA, their difference. 

Also, CAB + CBA = CAD + CDA = 2CDA; 

.-. L CDA=| I CAB + CBA. j 

That is, CDA is half the sum of the unknown angles. 
Again, L CDA = ZL DBA + L DAB; 
.-. Z. DAB = ^ CDA— Z. I>BA 
= zLCAD — ^CBA, 

Add to each side DAB \ then, 

2 DAB = CAD + DAB —CBA 
= CAB — CBA; 

.-. DAB = 1|CAB — CBA. j 

That is, DAB is half the difference of the unknown 
angles. 

Now EAD being a semicircle, EA is perpendicular to 
AD, as is also DF; .-. AE is the tangent of CDA, and 
DF the tangent of DAB, to the same radius AD. 

But, BE : BD : : AE : DF; 
that is, the sum of the sides : difference of the sides : : 

tangent of \ sum of opposite angles : tangent of \ their 

difference. 

Three angles of a triangle being equal to 180°, the sum 
of the unknown angles is found by taking the given angle 
from 180°. 

III. 
When the three sides are given, to find the angles. 
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Base : sum of other sides : : difference of those sides 
: difference of segments of base^ made by perpendicular 
falling from the vertex. 
Let ABD be the given triangle. 




From B with the distance BA describe a circle^ and 
produce DB to G. Then) 

DG = DB + BA; &iid fiD = DB — BA. 

Also, since AE = EF ; .-. FB = DE — EA. 

But AD : BG : : HD : FD, (Euclid 3, 46;) that is, 
Base : sum of other sides : : diff. of those sides : diff. of 
segments of base. 

Hence, in each of the two right-angled triagles, there 
will be known two sides, and the right angle opposite to 
one of them. 

All cases of plane triangles may be solved by these 
three problems ; but for right-angled triangles, the follow* 
ing are more convenient : — 

c 




6*' 
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First make the base AB radios ; then, 

Radios : tang. A : : AB : BC ; and 
Badios : secant A : : AB : AC. 

Next make CB radios. 




Then Badios : tang. 

Badios : secant C 

Lastly^ make AC radios. 



CB : BA; and 
CB : CA. 




Then, Badios : sine A : : AC : CB ; and 
Badios : cos. A : : AC : AB. 



SECTOR. 

The lines on the sector, as before stated, are of two 
sorts, single and dooble. Only the dooble lines are see- 
toral ; these proceed from the centre, and are — 

1st. A scale of eqoat parts, marked L, and containing 
100 divisions. 

'^d. A settle of chords, marked C, running to 60. 
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8d. A line of secants^ marked S, running to 75. 

4tli. A line of polygons, marked Pol. These are num- 
bered backwards from 4 to 12. 

Upon the other face, the sectoral lines are, — 

1st. A line of sines, marked S, running to 90. The 
sines may be easily distinguished from the secants, though 
marked the same ; as the distances of the sines diminish 
towards the end, while the secants increase. 

2d. A line of tangents, marked T, running to 45. 

8d. Between the line of tangents and sines there is 
another line of tangents, beginning at a quarter of the 
length of the former, to supply their defect, and extend- 
ing from 45 to 75, marked t or T. 

The distance from T to T, from S to S, from to C, 
and from L to L, is the same ; so that at whatever distance 
the sector may be opened, the angles formed by those lines 
will always be equal. The polygons are laid down to a 
shorter radius, for the sake of including the pentagon and 
square. The radius, the chord of 60^, the sine of 90°, 
the tangent of 45°, the secant of 0°, all are equal. 

The method of constructing the sectoral lines is exhi- 
bited in Fig. 1, fronting the title-page. 

From the point A with any convenient radius describe 
the circle BCDE, and draw the diameters BD, CE, cross- 
ing each other at right angles in the centre. Produce C 
to F, and through B draw BG, a tangent to AB. Join 
EB, BC, CD. 
In the construction o/the/oUovjing Scales, only thejfrimary 

divisions are dravm, the smaller ones being omitted to 

prevent confusion : — 

Divide AD into ten equal parts, and these again into 
tenths ; so shall AD be a line of equal parts. 
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Divide the aro BC into 9 equal parts, and these again 
into tenths^ and with the compasses from B, as a centre, 
transfer the divisions to the straight line BC ; so shall BC 
be a line of chords. 

From each of the divisions of the arc BC let fall perpen- 
dicolara upon AB, and nomber them backwards; so shall 
AB be a line of sines. 

From th^ point A, through the divisions of the aro BC, 
draw straight lines to meet BGt; so shall BGt be a line of 
tangents. And from D to the same divisions of the arc 
BC, draw straight lines cutting AC ; so shall AC be a line 
of half-tangents. 

The distances from the centre A to the divisions on the 
line of tangents being transferred to AF, AF will be a line 
of secants. 

From B, in the arc BE, cut off the fifth part of the 
circnmfetence, 72^, and transfer it with the compasses to 
the straight line BE. Do the same with the sixth, 
seventh, eighth, &c. ; so shall BE be a line of polygons. 
Transfer these distances to the lines upon the rule, and 
the sectoral part is complete.* 

From the property of similar triangles, AB : BC : : 
Ah: he; hence, if AB were divided into ten equal parts, 
and Ah contained four of those parts, then BC being di- 
vided into ten equal parts, he would contain four of those 
parts. 

And if AB were the sine of 90**, and Ah the sine of 



« These lines are best laid down by the help of tables of natural 8ine% 
tangents, Ac, in the same way as the lines of the slide-role are laid 
down by logarithmic numbers, sines, and tangents ; of which here- 
after. 
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40°; then BC being taken the sine of 90®, &c would be 
the sine of 40°. 

And if AB were the radius of a circle, and Ah the side 
of an octagon inscribable in the same ; then BC being the 
radius of another circle, he would be the side of an octagon 
inscribable in the same. 

And hence, though the lateral scale AB is f^ed, yet a 
parallel scale BC is obtainable at pleasure. 

The manner of taking distances from the sectoral lines 
will be best underBtood from the following figure, which 
contains a portion of the line L. 




When the distance is taken from the centre A, alon^ 



y Google 



68 A TBEATISK ON A BOX OF 

eitJier of the legs to any point, BC, or D, it is called a 
lateral distance; when it is taken from any point of one 
leg to the corresponding point of the other leg, as from B 
to B, from C to C, from D to D, or from L to L, it is 
called & parallel distance. To make any length then, as 
for instance an inch, a parallel distance from 3 to 3, or D 
to D; the points of the compasses are to be opened an 
inch ; then placing one point against the 3 of one leg of 
the rule, open the rule till the other point will fall upon 
the 3 of the other leg. Observe, the points of the com- 
passes must always be placed upon the lines nearest the 
opening of the rule — upon those which would, if continued, 
meet in the centre. As distances are taken from all 
the sectoral lines in the same manner, and as they are of 
most extensive utility when used conjointly, it will not be 
necessary to treat of them separately. 



USES OP THE SECTOR. 

To divide a given line AB into any number of equal 
parts, as 6. 



13 3 4 5 6 

Take the distance from A to B in the compasses, and 
make it a parallel distance from 6 to 6 on the line L ; 
then the parallel distance from 1 to 1 will be the sixth 
part of the line AB, as required. 

To find a third proportional to two numbers, 4 and 6. 
Take 6 laterally, and make it* a parallel diqtance from 4 
to 4 on L : then take the parallel distance from 6 to 6, 
and apply it laterally : it will be found to measure to 9, 
the third proportional required. Or make the lateral dis- 
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taBce 4ty a parallel distance between 6 and 6 ; then will 
the lateral distance 6 be found a parallel distance between 
9 and 9. 

To find a fourth proportional to three given numbers^ 
3, 4, and 6. Take the lateral distance 3^ and stretch it 
as a parallel from 4 to 4 on L; then take the lateral dis* 
tance 6^ it will be found to extend as a parallel from 8 to 
8. Or make 4 a parallel distance from 3 to 3 ; then will 
the parallel from 6 to 6 measure laterally to 8. 

The reason is obvious ; for in all cases, — 

Any lateral distance : its parallel distance : : any other 

lateral distance : its parallel distance. 

And conversely, 

Any parallel distance : its lateral distance : : any other 

parallel distance : its lateral distance. 

To measure the lines of the peri- 
^ meter of any figure, one of which^ 
as AB, contains a given number of 
equal parts, as 4. Make AB a pa- 
rallel distance. from 4 to 4 on L. 
Take CB, and it will be found a 
j^ parallel distance from 3 to 3 ; take 
AO, and it will be found a parallel 
distance from 5 to 5. 

To multiply any number, 3, by another, 7. Make the 
lateral distance 3 a parallel distance from 1 to 1 on L; 
then take the parallel distance from 7 to 7 ; it will be 
found the lateral distance of 21. 

To divide any number, 40, by another, 5. Make the 
puallel distance of 40 the lateral distance of 5 on L; 
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then will tbe parallel distance of 1 be the lateral distanee 
of 8. 

To divide a line in any required proportion^ as 2, 3, and 
4. Take the length and make it a parallel distance from 
9 to 9^ their sum; on the line L ; then will the parallel 
distance from 2 to 2, 8 to 8, and 4 to 4^ he the parts re< 
quired. 

If the number is greater than 100, take some aliquot 
part of it, and then multiply the result by the number bj 
which it was divided. 

To measure an angle ABC with the line of chords, O. 
With any radius B A, describe the arc AC ; make BA a 
parallel distance from 60 to 60 on C ; then take AC, and 
moving it along, find the numbers to which it will apply 
as a parallel distance. 



B^ 




c 

At a given point B, in a given line AB, to make an 
angle containing any number of degrees, as 80®. 

C 




Open the sector to any distance, and take the parallel 
distance from 60 to 60, with which describe the arc DE. 
Take the parallel distance from 80 to 80 ; and setting one 
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foot of the compasses on D, prick off the distance to E ; 
through B draw BC. ABC is the angle required. 
And so of all the problems given under the protractor. 

To measure any angle, ABC, with the line of sines. 

From any poinl, A, let fall the line AD, perpendicular 
to BC ; then in AD the sine of B, the radius being B A. 

A 




Therefore, take BA, and make it a parallel distance from 
90 to 90, on the line S; then take AD, and moving it 
along, find the numbers to which it will apply as a pa- 
rallel distance. 

At a given point A, in a given line AB, to make an 
angle containing any number of degrees, as 30. 

.C 



Make AB a parallel distance from 90 to 90 on S ; take 
the parallel distance from 30 to 30, and from B describe 
an arc. Draw AC touching the are. CAB is the angle 
required. 

And so of all the problems under the protractor. 
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To measure any angle, ABC, with the line of tangents^ T. 

^A 




At any distance, D, raise the perpendicular DE, to meet 
AB ; then is DE the tangent of B, the radius being BD. 
Make BD a parallel distance from 45 to 45 on T ; then 
take DE, and moving it along, find the numbers to which 
it will apply as a parallel distance. 

At a given point A, in a given line AB, to make an 
angle containing any number of degrees, as 30. 

I) 




Take any point, C, at which erect the perpendicular CD, 
Make AC a parallel distance from 45 to 45. Take the 
parallel distance from 30 to 30, and from C cut off CE 
equal to it. Join AE. EAB is the angle required. 

And so of the rest under the protractor. 

To measure any angle, BAC, with the line of secants. 
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Take any pointy J), and raise the perpendicular DE. 
Make AD a parallel distance from to on the line of 
secants; then take AE^ and moving it along, find the 
numbers to which it will applylis a parallel distance. 

At a given point, A, in a given line AB, to make an 
angle containing any number of degrees, as 40. 

c 




Bfuse BC at right angles to AB. Make AB a parallel 
distance from to ; then take the parallel distance from 
40 to 40, and with it, from the point A, cross BC in D. 
Join AD. DAB will be the angle reqmred. 

And so of the rest under the protractor. 

The line of secants cannot he employed to much advantage 
when the number of degrees is und^rZQ, nor the line of 
sines when above 70, as is evident from an in;^pection of 
the nde. 

To find the chord, sine, tangent, and secant of 30 de- 
grees, to a radius of two inches, AB. (See diagram p. 64.) 
Take 2 inches in the compasses, and make it a parallel 
distance from 60 to 60 on the scale of chords ; it will also 
be a parallel distance from 45 to 45 on the tangents; and 
from 90 to 90 on the sines. Therefore, taking the parallel 
distance from 30 to 30 on the line C, it will give the chord 
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of 30 degrees; B6; from 30 to 30 on the line 8, it will 
be the sine of 30 degrees^ BC; from 30 to 30 on the line 
T; it will be the tangent of 30 degrees, BD. When the 
number of degrees is above 45, the same opening will not 
suffice for the tangents ; it will then be necessary to set 
the radius to the 45 of the smaller tangents, and take the 
aperture as usual. So for the secants, make 2 inches a 
parallel distance from to j then will the parallel dis- 
tance of 30 be the secant AD. 

When the rule is opened to the radius of the smaller 
tangents, it is also opened to the radius of the secants. 

All the problems given under the protractor may be 
performed by any of these lines ; but polygons are most 
conveniently constructed by the lines Pol. ; and in taking 
distances from these, the points of the compasses are to be 
placed on the same line as that from which the chords are 
taken. The side of the hexagon, 6, does not reach to the 
chord of 60, as has been mentioned; a smaller' radius 
being chosen for the purpose of including the 5 and 4, the 
pentagon and square. Since the radius of a circle is equal 
to the side of an inscribed hexagon, the radius is always 
to be made a parallel distance from 6 to 6. 

An example or two will suffice. 
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To constract a pentagon on a given line AB. Take 
A6| and make it a parallel difitance from 5 to 5. Take 
the parallel distance from 6 to 6 for a radius, and with it 
£rom A and B describe arcs crossing each other in C, and 
from describe a cirde. The distance AB will run 5 
times round it, and form the pentagon required. 




And so of any regular polygon. 

In a given circle^ to inscribe a regular heptagon. Find 
the centre of the circle^ and make the radius a parallel 
distance from 6 to 6 ; take the parallel distance from 7 to 
7, and it will run 7 times round the circle as required. 




And so of any regular polygon. 
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APPLICATION OP THE SECTOR TO TRtGONOMETRY. 

Required the height of a tower, AB, the angle of ele- 
vation, ACB, 200 feet distant, being 47}''. 




The angle B will be 90 — 47 J = 42 J. 

Taking AC radius, AB is the tangent of C, or 47 i**. 

Hence, Bad. : CA : : tang. 47^ : AB. 

Take 200 from a scale of equal parts, (the diagonal 
scale is the best,) and make it a parallel distance from 45 
to 45 on the smaller line of tangents ; take the f^rallel 
distance from 47} to 47}, and apply it to the same scale 
of equal parts ; it will be found to measure about 218 
feet, the height of the tower. 

Otherwise, Sine B : CA : : sine C : AB. 

On the line of sines stretch 200 from 42} to 42}; take 
the parallel distance from 47} to 47}, it will measure 
218 as before. 

What was the perpendicular height of a balloon, when 
its angles of elevation were 35° and 64°, as taken by two 
observers at the same time, both on the same side of it, 
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and in the same vertical line^ their distance being 880 
yards ? 




The external angle DBG = DAB + ADB ; 

.-.ADB = 64 — 35 = 29. 
Then, Sine ADB : AB : : sine A : BD. 

Take 880 from a scale of equal parts, and make it a 
parallel distance from 29 to 29 on the line of sines ; then 
will the parallel distance from 35 to 35 measure 1041 foir 
the line BD. 

-Again, Sine C : BD : : sine DBG : DG. 
Take 1041 and make it a parallel distance from 90 to 
90, the angle G being a right angle ; then take the paral- 
lel distance from 64 to 64, and it will measure 936 for 
CD, the perpendicular height of the balloon. 

Wanting to know the distance between two inaccessible 
trees from the top of a tower, 120 feet high, which lay 
in the same right line with the two objects I took the 
angles formed by the perpendicular wall and lines con- 
ceived to be drawn from the top of the tower to the bottom 
of each tree, and found them to be 33"* and 64}''. What 
is the distance then between the trees ? 
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Angle, BAG = SS^'. Angle, BAD = 64}. 
Making AB radios ; — 

Bad. : AB : : tang. BAG : BC. 
Take 120 from a scale of equal parts, and make it a 
parallel distance from 45 to 45 on a line of tangents ; from 
which take the parallel distance from 33 to 33 ; it will 
measure 78 on the scale for BC, the distance of the first 
tree from the bottom of the tower. 

Again, Bad. : AB : : tang. BAD : BD. 
Make AB, or 120, a parallel distance from 45 to 45 on 
the smaller line of tangents, from which take the parallel 
distance from 64} to 64}; it will measure 251} on the 
scale forBD, the distance of the farther tree from the 
bottom of the tower. 

Hence 251} — 78 = 173}, the distance between the 
trees. 

Being on the side of a river, and wanting to know the 
distance to a house which was seen on the other side, I 
measured 200 yards in a straight line bj the side of the 
river; and then at each end took the horizontal angle 
formed between the house and the other end of the Ime^ 
which were 68° and 73°. What then were the distances 
from each epd to the house ? 
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Angle A = 68° 3 B = 73° ; 73° and 68° = 141 ; 
•••0=39°, since^the three angles of every triangle = 180°. 
Sine C : A6 : : sine A : BC ; and 
Sine C : AB : : sine B : AC. 
Hence^ take 200 from the scale^ and make it a parallel 
distance from 39 to 39 on the line of sines; then will the 
parallel distance from 68 to 68 measure 294} equal parts 
for BC; and the parallel distance from 73 to 78 will 
measure 304 for AC. 

Having to find the height of an obelisk standing on the 
top of a declivity, I first measured from its bottom a dis- 
tance of 40 feet, and there found the angle formed by the 
oblique plane, and a line imagined to go to the top of the 
obelisk, 41° ; but, after measuring on in the same direc- 
tion 60 feet farther, the like angle was only 23° 46'. 
What was the height of the obelisk ? 
B 
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AC = 40; DC = 60; angle BAC=4rj BDC = 
^3^; .-.080=17*°. 

Then, Sine DBC : DC : : sine BDC : CB. 

Make DC, 60 a parallel diBtance on the line of sines 
from 17} to 17}; take the parallel distance from 23| to 
23f, and it will measure 81} for CB. 

Then, in the triangle ABC; two sides BC, CA, being 
known, and their included angle, 

Sum of BC, CA : diff. BC, CA : : tang. } sum of 
angles A and B : tang } their diff. 

NowBC + CA = 121J; and BC — CA=41J. 

Again, since BCA = 41°, the other two = 139° ; J of 
which = 69}° for half the sum. , 

Make 121} a parallel distance from 69} to 69} on the 
line of tangents ; then will 41} be the parallel distance of 
42}. Hence, 69} •— 42} = 27° for the angle CBA. 

Lastly, Sine CBA : CA : : sine BCA : AB. 

Make 40 a parallel distance from 27 to 27 on the line 
of sines ; then will the parallel distance from 41 to 41 
measure 57} for AB, the height of the obelisk. 

Standing upon the top of a castle 80 feet high, I threw 
a string over to a person on the farther side of the moat 
at the bottom, and found it to measure 100 feet. What 
was the breadth of the moat^ and angle of depression ? 

Making BC radius ; BC : rad. : : BA : sine C. 
Make 100 a parallel distance from 90 to 90 on the line 
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A 

S; then will 80 be a parallel distance from 53 to 53^ the 
angle of depression, or angle C. 

Again, Had. : BC : : cos. C. : AC 

Letting the rule stand, the aperture is set to the first 
part of the proportion : the cosine of 53^ is 37^. Take 
the parallel distance from 37 to 37, and apply it to the 
scale : it will measure 60, for CA. 

The breadth of a street is 30 feet, the height of a house 
40. What must be the length of a ladder that will reach 
from the top of the house to the opposite side of the way ? 

c 




A 30 B 

CB + BA = 70; CB— BA = 10. 

} sum of Z. s, C and A = 45°. 

Hence make 70 from the scale a parallel distance from 
45 to 45 on the larger line of tangents ; then will 10 from 
the same scale be a parallel distance from 8 to 8. 
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8 + 45 = 53° the angle CAB. 
Then, Bad. : AB : : sec. CAB : AC. 

Make 30 a parallel distance from to on the line of 
secants; then will the parallel distance from 53 to 53 
measure 50 feet, the length of the ladder AC. 

Coasting along the shore, I saw a cape bear from me 
NNE; then \ stood away NWhW^O miles, and I ob- 
served the same cape to bear from me NEh E: required 
the distance of the ship from the cape at her last station. 




C, the ship's first station ; A, the place of the sHij) in 
her second station ; B, the cape. Then, 

CA=20miles; L ACB=78i; L ABC=/1 BCD=33i. 

Hence, Sine ABC : AC : : sine ACB : AB. 

Make 20 a parallel distance from 33} to 33} on the 
line of sines; then will the parallel distance of 78} measure 
35 miles nearly, for AB, the distance of the ship from 
the cape in her last station. 



y Google 



INSTBTJMENTS AND THE SLIDS^RULS. 



78 



Enoagh Has been shown to enable the pupil to apply 
the role to most of the purposes to which it is adapted. 
Beside the sectoral lines, which may now be dismissed, 
there are on the edges the decimal parts of a foot, and 
along the margin a scale of inches ; these need no expla- 
nation. There are also three other lines, marked N, S, 
and T, called Gunter's lines. The distances on N are the 
logarithms of numbers ; on S, logarithmic sines ; and on 
T, logarithmic tangents. These are the same as the lines 
of the slide-rule. 



CONSTEUCTION. 



Beferring to a table of logarithmic numbers, sines, and 
tangents, we have 



No. 

• 


Log. 


O 


Sine. 


Tftng. 


1 


.000 


1 


8.241 


8.241 


2 


.301 


2 


8.642 


8.543 


3 


.477 


3 


8.718 


8.719 


4 


.602 


4 


8.843 


8.844 


6 


.698 


5 


8.940 


. 8.941 


6 


.778 


6 


9.019 


9.021 


7 


.845 


&e. 


&o. 


&c. 



Lay down three parallel lines, N, S, T, as below, and 
draw AB perpendicular to them, that the beginnings of 
A 



-i- 



"2 — 



6 8 
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the three may correspond. The log. of 1 heing 0^ set 1 
at the commencement N. From the diagonal scale take 
off 301, the log. of 2, and lay it from N to 2 ; turn it over 
again, and it will mark the log. of 4 ; turning it agdn, it 
will reach to the log. of 8, and so on. 

Again, from the diagonal scale take off 477, the log. of 
3, and lay it from N to 3 ; turn it over, and it will reach 
to 9, from 9 to 27, and so on. Setting the same distance 
from 2, it will ireach to 6^ from 6 to 18, and so on. For 
5 take 698 from the scale, and set it from N to 5 3 the 
same distance will reach from 2 to 10, &c. For 7 take 
845, and set it off from N to 7. Lay the line over again, 
and proceed to fill up the distances 11, 12, &c. from a set 
of tahles, till the line is finished. 

For the line S. ' 

The logarithmic sine of 1^ is 8.241. Disregarding the 
whole number 8, which is prefixed to indicate the great 
extent into which the radius is supposed to be divided^ 
take from the same scale 241, and lay it from S to 1 ; lay 
off 542 from S to 2 ; 718 from S to 3 ; 843 from S to 4; 
940 from S to 5 ; 1019 from S to 6 ; and so on to 90°. 

For the line T. 

The logarithmic tangent of I*' is 8.241 ; hence, it will 
be over the 1 of S; lay off 543 from T to 2; 719 from 
T to 3; 844 from T to 4; 941 from T to 5; 1021 from 
T to 6; and so on to 45. Arriving at 45, the numbers 
return, and 60 is placed with 40 ; 30 with 60 ; 20 with 
70 ; 80 with 10 ; and 90 at the beginning ; the decimal 
part of the logarithmic tangent of any decree being the 
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arithmetical complement of the cotangent; since^ as was 
shown^ the radius is a mean between the tangent and co- 
tangent. 

USES. 

An example or two of the manner of using these lines 
will be sufficient. For the reasons of the operations, the 
student is referred to the Treatise on the Slide-rule. 

In the lines S and T, the numbers show the values 
which are to be taken. On the line N, the second division 
will be ten times those of the first division ; the values are, 
otherwise, arbitrary. Thus, if 3 of the first division bo 3, 
that of the second will be 30 ; if 30, 300 ; and so on. 

Uses of the line N, or Logarithmic Numbers. 

To multiply 4 by 5. Take the distance from 1 to 4, 
stretching the rule open to its full extent ; it will then 
reach from 5 to 20, the product. 

To divide 30 by 5. Take the distance from 1 to 5, it 
will reach backwards from 30 to 6, the quotient. 

To find a fourth proportional to three numbers, 3, 4, 
and 6. That is, 3 : 4 : : 6 : ? Take the distance from 
the first to the third ; it will reach from the second to the 
fourth. The distance from 3 to 6 will reach from 4 to 8, 
the fourth proportional required. 

To square and cube 3. Take the distance from 1 to 3, 
and set it forwards from 3 ; it will reach to 9, the square 
required. Set it forwards again from 9, and it will reach 
to 27, the cube. 

To extract the square root and cube root of 64. Take 
the distance from 1 to 64 ; find, by the line of lines, the 
half of this; it will reach from 1 to 8, the square root 
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Find by the line of lines the third of it, and it will reach 
from 1 to 4, the cube root of 64. 

Uses of the lines N, S, and T, conjointly. 

In the right-angled triangle ABC, suppose AB 124, 

and the angle A 34^ 20'; consequently, the angle C 

65* 40'. Required BC and CA. 

C 




124 

Sine : sine A : : AB : BC 

Hence, on the line S, take the distance backwards from 
55} to 34i ; this will reach back on the line N from 124 
to 84.7 the length of BC. 

Again, Sine C : sine B : : AB : AC 

Take the distance forwards on the line S from 55} to 
90 ; this will reach forwards on the line N from 124 to 
150, the length of AC 

Otherwise for the perpendicular BC, 

~ Had. : tang. A : : AB : BC 

On the line T, take the backward distance from 45 to 
S4} ; this will reach back, on the line N, from 124 to 
84.7 for BC, as before. 

From the top of a tower, by the sea-side, of 143 feet 
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beigbt, it was observed that the angle of depression of a 
ship's bottom, then at anchor, measured 35^ : what then 
was the ship's distance from the bottom of the wall ? 




The angle of depression of the vessel is ABC, and con- 
seqnentlj is eqnal to the angle of elevation of the tower, 
BCD. Hence, making BD radius ; 

Bad. : tang. 55° : : BD : DC. 

Stretch the compasses on the line T, from 45 to 55; 
this will reach from 143 to 204 on the line N. 

What is the perpendicular height of a hill ; its angle of 
elevation, taken at the bottom of it, being 43° ; and 200 
yards farther oflT, on a level with the bottom of it, 31° ? 
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Sine 15^ : sine 31° 
Sine 90 ': sine 46" 



200 : BC; and 
BC : CD. 



StretcH the compasses on the line S from 15 to 31 ; this 

distance, on the line N, will reach from 200 to 398 for 

BC. Again, take the backward distance from 90 to 46 

. on S; this wUl reach back from 398 to 286 for CD, the 

height of the hill. 

A point of land was observed, bj a ship at sea, to bear 
Eh S; and after sailing NE12 miles, it was found to 
bear S Eh E. It is required to determine the place of 
that headland, and the ship's distance from it at the last 
observation. 




Sine 22} : sine 56i : : 12 : BD. 

On the line S take the forward distance from 22} to 
56t; this will reach from 12 to 26 for BD, the ship's 
distance from the last place of observation. 

Standing upon the top of a castle 80 feet high, I threw 
a string over to a person on the farther side of the mdat 
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at bottom; and found it to measure 100 feet. Kequired 
the breadth of the moat; and the angle of depression. 




Take CB radius; then— 

C6 : BA : : nid. : sine C; and 
Rad. : COS. C : : CB : CA. 

Measure back on N from 100 to 80 ; this on S will 
reach back from 90 to 53 for the sine. The cosine of 
53 to 37. 

On S take the distance back from 90 to 37 ; it will 
reach back on N, from 100 to 60 for CA. 

These examples will be sufficient to show the pupil the 
method of using the lines. He can work over the ques- 
tions that were solved bj the natural sines and tangents 
of the sectoral lines ; taking the numbers from N; instead 
of from a scale of equal partS; and the sines and tangents 
from S and T respectively; observing; that a forward 
distance from one is to be applied as a forward distance 
to the other; and a backward distance from one as a hojch- 
ward distance to the other. The distance on the line T, 
from 45 to 55; is to be reckoned as a forward distance, 
while the distance from 45 to 35; though the same; is to 
be accounted a backward distance. He will also observe; 
in stating the proportion, that that which was made the 
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0eoond term for the sectoral lines^ mast be placed third 
when intended for the Gunter's. Thus — 

For the sectoral, A6 : sine C : : 6C : sine A. 

For the logarithmic, AB : BC : : sine C : sine A. 
Such is the Sector ; it was devised by the celebrated 
Oanter, about the year 1607, and did not, at first, con- 
tain the N, S, and T lines ; these were added .sixteen 
years later, or nine years after Napier's admirable inven- 
tion of logarithms. In the year 1657, Partridge greatly 
improved upon the plan, by laying the lines down double, 
and sliding one against the other. The sector dwindles 
into insignificance, in comparison with the slide-rule, 
which is nearly a perfect instrument, and adapted, in a 
degree, to every species of computation for which loga- 
rithms are available. The chief merit, however, is due 
to Ounter, for hundreds can improve where only one can 
invent. 
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LOGARITHMS. 

Logarithms are a series of numbers in arithmetical 
progression^ corresponding to another series of numbers 
in geometrical progression : thus — 

01284 66 7 8 

1 2 4 8 16 32 64 128 256 

where the indices 0, 1; 2^ 3^ &c. in the arithmetical series 
are the logarithms of the numbers 1^ 2, 4, S, &c. of the 
geometrical. 

On examining these, it wiU be found that if any two' 
of the logarithms, or indices, are added together, their 
mm will be the logarithm or index of the product of the 
numbers to which they belong. Thus, 2 and 3 are 5 ; 
the number against this is 32, which is the product of 4 
and 8, the numbers beneath the indices 2 and 3. 

In like manner, if any one of the indices be subtracted 
from another, their difference is the index of the quotient 
of the numbers. Thus, 5 from 7 leave 2, the number 
against which is 4, the quotient of 128 by 32. 

For the same reason, if any one of the indices be mw?- 
tiplied by another denoting power, the product will be 
the index of that power. Thus, to find the square of 8 ; 
its index is 3, which, doubled, becomes 6, the index of 
64, the square of 8, as required. 

Lastly, if the index of any number be divided by the 
index of any root, the quotient will be the index of that 
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root. Thus^ to find the square root of 16 ; its index is 4, 
the half of which is 2, which b the index of 4^ the square 
root of 16, as required. From which it appears that ad- 
dition of logarithms answers to multiplication of common 
numbers, subtraction to division, multiplication to invo- 
lution, and division to evolution. The same will also be 
the case if we select any other geometrical series; thus — 

12 8 4 6 6 

1 3 9 27 81 243 729 
or — 

1 10 100 1,000 10,000 100,000 1,000,000 

From which it is evident that the same indices may serve 
for any system, and, consequently, that the varieties of 
systems of logarithms are infinite. 

Now, since numbers are but expressions for the measure 
of distances from a fixed point, it follows, that if from the 
commencement of any line, we set off equal distances in 
the points 1, 2, 3, &c., and raise against them a series of 
perpendiculars, 1,2, 4, 8, &c., we shall have in the extre- 
mities of these perpendiculars a series of distances 1, 2, 4, 
8, &c., whose logarithms will be the distances 0, 1, 2, 3, &c. 
These representing the indices of the distances measured 
by the perpendiculars, they will of course possess the same 
properties as the indices themselves. 

Thus, let it be required to multiply 16 by 4. With a 
pair of compasses take the distance from to 2, the index 
corresponding to 4 ; set one foot of the compasses on 4, 
the index of 16, the other point will reach forwards to 6, 
the index of 64, the product of the numbers 4 and 16. 

Again, let it be required to divide 64 by 16. Take the 
distance from to 4, the index of the less ; place one foot 
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of the compasses on 6^ the index of the greater^ the other 
point will reach hack to 2, the index of 4, the quotient 
required. Nezt^ let it be required to find the square of 8. 
Take the distance from to 3, the index of 8. Place the 
compasses on the point 0, and turn them over twice; thej 
will reach to 6, the index of 64^ the square required. 

Lastly, to find the square root of 64. Take half the 
distance from to 6, which is the point 3, the index of 8, 
the square root required. 

But for taking squares, and square roots, it will be more 
convenient to have the logarithmic distances, laid down to 
two scales, Figs, 1 and 2, in which the distances of the 
latter shall be twice those of the former. Then to take 
the square of 8. Measure the distance from to 3, 
Fig. 2 ; apply this to Fig. 1 ; and it will reach to 6, tho 
index of 64, the square required. And to find the square 
root of 64,- Take ih& difltanoe from to 6, Fig. 1; it will 
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reach from to 3, Fig. 2, which is the index of 8, the 
square root required. Thus, by mechanical means, we 
obtain the same results as by arithmetical calculation : a 
forward motion performs the work of multiplication ; a 
backward, that of subtraction ; an increase of distance, the 
raising of powers ; and a diminution, the extraction of 
roots. 

But since the application of the compasses is a tedious 
method, it is desirable to perform the same operations by 
a readier way, which we may now proceed to consider. 

If to the end of AB we set the beginning of CD, it is 
evident that the distance AE, reaching from the com- 
mencement of one to the end of the other, measures their 
united lengths, or expresses the sum of the two ] 

c * " »D 

A B E 

That is, AB + CD = AE = 2 + 3 = 6. 

And if against E, the extremity of the line AE, we set 
D, the extremity of CD; the part AB, between the be- 
ginning of the longer and the beginning of the shorter, 
measures their difference ; 

That is, AE~-CD = AB=5— 3=2. 

For addition, then, the rule maybe expressed: — Set the 
beginning of one to the end of the other ; then against the 
end of the second is their sum on the first. And, for sub- 
traction : — Set the ends together j then at the beginning of 
the shorter is their difference on the longer. 

A few operations will best imprint this upon the me- 
mory of the student, for which purpose he must furnish 
himself with scales of equal parts, as on p. 85. 
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On a sheet of paper take any distance, and set it off 20 
times^ as A. And beneath it at any convenient distance, 

Common Scale, 



^^ ? ^ g ^ 7 $ P 4 >D 



1 \H l^^l^ y^v^^^^^^^^^A ^ 



Slide. 

double the space 10 times, as D. Then take a slip of 
card or paper, B, which we may call the dide^ of a breadth 
about sufficient to fill up the space left between A and D, 
and mark upon it the same scale of equal parts as upon 
A. With these we may perform the following opera- 
tions : — 

I. To find the half of any number, and the double of 
any number. 

Lay the slide in the space between A and D, then under 
any number on B is its half on D, and over any number 
on D is its double on B. 

II. To find the sum of any two numbers, and half their 
sum. 

Let the numbers be 6 and 4. Against the 6 on A set 
the beginning on B, then over the 4 on B is 10, their 
sum, and under it on D is 5, half their sum. 

UI. To find the difference of any two numbers, and 
half their difference. 

8 
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Let the numbers be 11 and 5. Against the 11 on A 
set the 5 on B, then over the beginning of B is 6; their 
difiference; and under it 3, half their difference. 

' IV. The sum of two numbers may be found by three 
methods. 

ThuS; of 5 and 7. Against 5 on A set the beginning 
of B, over the 7 on B is 12 on A; — or push the slide out 
till the 5 on B reach the beginning of A, then under the 
7 on A is 12 on B ; — or invert the slide, and set the 7 on 
B to the 5 on A, then against the beginnii^g of B is 12 on 
A. Also for the difference ; under the 7 on A set the 5 
on B, against the beginning of B is 2 on A ; — or against 
the 5 on A set the 7 of B, against the beginning of A is 
2 on B; — or invert the slide and set its beginning to the 
7 of A, then over the 6 of B is 2 on A. 

V. To add any number, 3, to twice another, 4. 

Push the slide back till the 3 on B reaches the begin- 
ning of D ; over the 4 on D is 11 on B. Or against the 
4 on D set the begiDuing of the slide : over the 3 of this 
is 1 1 on A — Hence, to multiply any number by 3, as 6 ; 
(that is, to add 6 to twice 6.) To the 6 on D set the 6 
on the slide inverted ; over the beginning of this is 18 on 
A. — Hence also to divide any number by 3, as 18. Set 
the beginning of the slide inverted to 18 on A, or the 18 
on B to the beginning of A or D, then where equal values 
meet together on B and D, is the third of the number ; 
thus, the 6 on B meets the 6 on D. 

VI. To add a number, 5, to the half of another, 6. 
Against 6 on D set the beginning of B, under the 6 of 

which is 8 on D. 
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VII. To subtract a number, 3, from twice another, 4. 
Against the 4 on D set the 3 of B, over the beginning 
of which is 5 on A. 

' Vni. To subtract half a number, 6, from another, 7. 

Against the 7 on D set the 6 of B ; under the begin- 
ning of this is 4 on D. 

IX. From any number, 9, to subtract twice another, 2. 
Against 9 on B ^et the 2 of D ; over the beginning of 

D is 5 on B : or invert the slide, and over the beginning 
of D set 9 on B ; over the 2 of D is 5 on B. 

X. To subtract a number, 3, from the sum of two 
others, 4 and 5. 

Against the 3 on A set the 4 on B ; then under the 5 
of A is 6 on B. The reason of this is plain ; for to have 
added 4 to 5, the slide ought to have been pushed out till 
the 4 fell under the beginning of A ; but, as it was not 
removed so far back by 3 spaces, the result will evidently 
be 3 less than the sum. Otherwise, invert the slide, and 
against the 4 on A set the 5 of B ; over the 3 of this is 
6 en A, or under the 3 of A is 6 on B. Here, had we 
wanted the sum, we should have counted to the beginning 
of the slide, or from the beginning of A ; but as in both 
instances we omitted 3 spaces, the result is 3 less than the 
sum. 

XI. To subtract 3 from 5 added to twice 4. 

Under the 3 of A set the 6 of B ; over the 4 of D is 10 
on B. The reason of this is obvious : to have added 5 to 
twice 4, the slide ought to have been pushed out till the 5 
reached the beginning of A or D, but as it was not re- 
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moved so far by 3 spaces, the result is 3 less than the 
sum. It may be performed otherwise by inverting the 
slide. Against the 4 of B set the 5 of B ; over the 3 of 
this is 10 on A^ or under the 3 of A is 10 on B. The 
reason is evident. 

XII. To subtract twice a number^ 3, from the sum of 5 
and twice 4. 

Place the 5 of B over the 3 of D; over the 4 of D is 7 
on B. To have added 5 to twice 4, the 5 of B ought to 
have been set at the beginning of D, but as it is not re- 
moved so far back by twice 3 spaces^ the result is twice 3 
less than the sum. — These operations are to be carefully 
attended to, especially the last, as, in working with the 
slide-rule, it is more employed than any other. 

XIII. To substract half 6 from 5 added to half 8. 
Against the 5 on D set the 6 of B ; under the 8 of B 

is 6 on D. To have added 5 to half 8, the beginning of 
the slide ought to have been placed at the 5 of D, then 
under the 8 of B would have been the sum ; but as the 
slide is not set so forward by 6 half-spaces, the result is 
half 6 less than the sum. 

As the whole art of using the slide-rule depends upon a 
perfect knowledge of these simple movements, the pupil 
will do well to make himself thoroughly acquainted with 
them, and to attend carefully to the reasons for every ope- 
ration. Unless he does this, he must always work in the 
dark, and will be perpetually liable to fall into mistakes; 
whereas, if he makes himself intunate with them, he will 
be enabled to proceed with certainty and pleasure. 

We may now resume the consideration or logarithms^ 
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aad return to Figs. 1 and 2^ on page 83 ; and here it is 
at once evident, that as far as the solution of any questions 
is concerned, the perpendiculars are of no importance, the 
equal distances and the increasing numbers being all that 
are required. If, then, to the scales we have been using, 
or to any others of equal parts, where the distances on D 
are double those of A and B, we affix the geometrical 
numbers 1, 2, 4, 8, &c., the distances, measured from 
the commencement, will be the logarithms of those num- 
bers, and may be applied to the usual purposes for which 
logarithms are adapted. 

The preceding operations may now be repeated ', but, 
instead of simply adding and subtracting, doubling and 
halving, they will present themselves under the shapes of 
multiplying and dividing, squaring and extracting the 



Logarithmic Scale. 
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Slide. 

square root; and will become converted into the following 
operations, which the pupil should compare with the pre- 
'ceding, step by step, as he advances, making use of the 
logarithmic scale and slide, and the common scale and 
slide, alternately. 

8* 
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I. To find the square of any number, and the square 
root of any number. * 

Lay the elide in the space between A and D ; then 
under any number on B is its square root on D ; and over 
any number on D is its square on B. 

II. To find the product of any two numbers^ 4 and 16, 
and the square root of their product. 

To 4 on A set the beginning of B, over the 16 of which 
is 64, their product on A ; and under it, 8, the square root 
of their product, the mean proportional between them. 

III. To find the quotient of any two numbers, 8 and 
128, and the square root of their quotient. 

Against the 128 on A set the 8 on B ; then orer the 
beginning of B is 16, their quotient ; and under it, 4, the 
square root of their quotient. 

lY . The product of two numbers may be found by three 
methods. 

Thus, of 16 and 4. Against 16 on A set the begin- 
ning of B ; over the 4 of B is 64 on A ; — or, push the 
slide out till the 4 on B reaches the beginning of A; 
then under the 16 of A is 64 on B ;— or, invert the slide, 
and set the 4 on B to the 16 on A ; then against the be- 
ginning of B is 64 on A. Also, for the quotient : — ^under 
the 16 on A set the 4 on B ; against the beginning of B 
is 4 on A ; — or, against the 4 on A set the 16 of B ; 
against the beginning of A is 4 on B ; — or invert the 
slide and set its beginning to the 16 of A; then over ilie 
4 of B is 4 on A. 

V. To multiply any number, 4, by the square of 
another, 8. 
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Push the slide back till the 4 on B reaches the begin- 
ning of D ; over the 8 on D is 256 on B ; or against the 
8 on D set the beginning of the slide; over the' 4 of this 
is 256 on A. 

Hence, to cube any number, as 8, that is, to multiply 
8 by the square of 8. Against the beginning of D set 8 
on B ; over the 8 of D is 512 on B ; — or, invert the slide, 
and against 8 on D set 8 on B ; over the beginning of B 
is 512 on A. 

Hence, to find the cube root of a number, as 512. Set 
the beginning of the slide inverted to 512 on A, or 512 
on B to the beginning of A or D ; then where equal 
values meet together on B and D is the cube root of the 
number, 8. 

YI. To multiply a number, 8, by the square root of 
another, 16. 

Against the 8 on D set the beginning of B, under the 
-16 of which is 32 on D. 

VII. To divide the square of any number, 16, by any 
number, 8. 

Against the 16 on D set the 8 of B, over the beginning 
of which is B2 on A. 

Vni. To divide any number, 64, by the square root 
of any number, 16. 

Against the 64 on D set the 16 of B ; under the begin- 
ning of this is 16 on D. 

IX. To divide any number, 64, by the square of another, 4. 
Against 64 on B set the 4 of D ; over the beginning of 
D is 4 on B. 
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X. To find a fourth proportional to three numbers^ 4^ 
82, and 64 -, or, which is the same thing, to divide bj 4^ 
82 times 64. 

Against the 4 on A set the 32 on B ; then under the 
64 on A is 512 on B. For inverse proportion, — as, if 8 
men can build a wall in 16 dajs, in how many days will 
32 perform the same ? — Invert the slide, and against the 
8 on A set the 16 of B ; under the 32 of this is 4 on B ; 
or, over the 32 of B is 4 on A. 

XI. To divide by 8, 32 times the square of 4. 
Under the 8 of A set the 32 of B 5 over the 4 of D is 

64 on B ; — or, invert the slide, and against the 4 of D set 
the 32 of B ; over the 8 of this is 64 on A, or under the 
8of Ais64onB. 

XII. To divide by the square of 4, 8 times the square 
of 16. 

Place the 8 of B over the 4 of D ; over the 16 of D is 
128 on B. 

XIII. To divide by the square-root of 64, 4 times the 
square root of 256. 

Against the 4 of D set the 64 of B; under the 256 of 
B is 8 on D. 

These operations, it will be seen at once, are precisely 
the same as the former. They may be represented alge- 
braically, as beneath ; where m, 71, and r, are any num- 
bers taken at pleasure. 

I. Log. m* = 2 log. m; 

.'. m on D, m" on B. 
Log. j/ m=i log. m ; 
.-. m on B, i/m on D. 
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II. Log. m 71 = log. m -|- log. n ; 

.'. m on A + ** on B, m n on A. 

l og, m + log, n 

Log. ytn n =. 2 ' 

.-. m on A + »^ on B, j/m 91 on D. 

III. Log — = log. m — log. n ; 



.'. m on A — n on B, — on A. 
n 



Log. /^, 
\ n 



log. m. — log. n ; 



.•. m on 



A — nonBj^PonD, 

\7l 



rV. Log. mn = log. m + log. n ; , 

.-. m on A -j- ^ on B, m II on A. 
Or, m on B + w on A, m n on B, 

and log. -= log. m. ^log. n; 



n 

m 



.*. m on A — n on B, - on A. 

n 

tn 
Or, m on B = n on -A.,^on B. 



Log. mn^= log. m + 2 log. n ; 
.'. m on B + n on J), m n« on B. 
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Or, nonD -\- mon3, m n* on A, 

and log. m» or m m" = log. m + 2 log. m; 

.«. m on B + m on D, m' on B. 

Or, m on D + w on B, m* on A. 

. log. » 
VT. Log. mni= log. m -] — |— j 

.•. m on D + w on B, m «} on D. 

^* 

Vn. Log. — = 2 log. m — log. n; 



■TV "Tk "* A 

.-. m on D — n on Jd, — on A. 
n 

^_ , _ m , loff. n 
Vm. Log. — = log. m 1-; 

.*. m on D — « on B, — r on D. 
' ni 

IX. Log. — = log. m — 2 log. n; 



m on B — w on D, — on B, 



X. Log. = log. m + log. n — log. r; 

... — r on A + m on B -I- n on A, on B. 

XL Log. = log. m + 2 log. w — log. r; 

... — 9 on A + ^ on B + «' on D, on B. 

T 
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Xn. Log. -— - = log. m + 2 log. n — 2 log. r; 



9S 



.'. — r on D + w on B -f- »* on D, -^-j- on B. 

__„_ _ m^n , , log. n log.r 
XIII. Log.-^ = log.m+-| 1-; 

.•• — r on B + w on D + w on B, on D. 

In all these (Operations the student will at once perceive^ 
what it is scarcely necessary to mentioD^ that the move- 
ments are from the paper to the slide, and from the slide 
to the paper, alternately. 

Thus, from A to B, and back to A. From A to B, and 
thence to D. From B to D, and back to B. From D to 
B, and back to D. From D to B, and thence to A. From 
A to B, and thence to A, and back to B. From A to B, 
and thence to D, and back to B. 

The preceding operations include the whole theory of 
the Slide-rule; but as it is suitable only for particular 
numbers, in the form we have presented it, it remains to 
explain the method of inserting those that have been 
omitted. For this purpose, draw any angle BAC, and in 




the base take any two points, D, F; make AE = AF; 
join BE, EF, and through F draw FG parallel to DE; 
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and through G draw GH parallel to FE; and bo on. 
Then we have^ 

AD : AB : : AF : AG. But,^ =AF; 

.-.AD : AF : : AF : AG. But, AG = AH; 

.-.AD : AF : : AF : AH. 

Hence, AD : AF : : AF : AH : : AH : AL, &c. 

Putting AD == 1, and AF = a, we have 



1 : a : : a 

or, since a® = 1, 

a9 : d* : : a' 



a" : a*, &c.; 



a» 



: : a» : a*, &c. ; 

where the indices, 0, 1, 2, 3, 4, &c. are the logarithms 
of a®, a*, a', a», a*, &c., or of AD, AF, AH, AL, &c. 

Along any Tine, MN, from any point 0, set off a num- 
ber of equal distances, 1, 2, 3, 4, &c., and at these erect 
perpendiculars, taking the first equal to AD; the next, 
AF ; the next, AH ; and so on. 




Then shall be the logarithm of AD or 1; 1 the 
logarithm of AF ; 2 of AH ; 3 of AL ; and so on. 

If the distance between the points 0, 1, 2, 3, &c. were 
indefinitely small, then would the line KS, connecting tfie 
extremities of the perpendiculars, become a curve, called 
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tbe logarithmic curve, and from this might every number 
of the slide-rule be readily obtained. For practical pur- 
poses, however, we shall not require distances less than 
the eighth of an inch : but it will be advisable to deter- 
mine the lengths of the perpendiculars by a more tedious 
process than the one described ; as in this, the least error 
in drawing the parallels is so increased by the divergence 
of the lines forming the angle, as most frequently to ren- 
der the curve altogether useless. 

From the nature of the lines AD, AF, AH, it follows 
that AF is a mean proportional between AD and AH. 
Hence, if the lengths AD and AH were given, AF might 
be inserted, by problem 14, on the parallel ruler. Thus, 
to raise a mean proportional between a b and e f, — 

Produce e f, and make f g == a b ; bisect e g in h, and 
from the point h, with the distance h g, cut off f k. Bisect 
b f in m, and make m n = f k. m n is the mean pro- 
portional required. 



a 


! 


■^ 






\ 


> m 


E 


i 










• 



^ In the same way might a mean proportional be placed 
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halfway between m and f, and again between f and thisy 
and 80 on to any degree of exactness.* 

Instead of bisecting the line b f continually, it will be 
better to set up a number of perpendiculars first; and, for 
this purpose, it will be necessary to choose some number 
represented by 2» + 1, as 2* + 1, 2* + 1 = 17, 33, &c., 
as by this means there will always be a line ready, £rom 
which to cut off the mean proportional. Further, in ordei 
to obtain ten numberti, the last perpendicular must be 
taken ten times the smaller. Having, then, set off any 
distance 16 times along AB, (see title-page, Fig. II.,) and 
raised 17 perpendiculars, take any height, AC, and com- 
plete the parallelogram, ACDB. Divide DB into ten 
equal parts in the points i, n, in, iv, &c. Between 
B 1 and AC, find the mean proportional f ; between this 
and AC, g; and so on, till all are determined. Connect 
their extremities by the logarithmic .curve C m a 1, and 
through the points ix, yin, vii, vi, &c. draw lines paral- 
lel to CD, to meet it in m, k, h, e, &c.; from which 
points draw the lines m 9, k 8, &c. parallel to AC. The 
distances from D, toward C, will represent the logarithms 
of the numbers 2, 3, 4, &c. Lay this line over again to 
E, and make EF equal to ED; join FC, and draw the 
parallels; so shall EF be divided logarithmically; and, 
since EF is twice CD, the numbers on CD shall be the 
squares of those on EF; and if CGr be made equal to one- 
third of EF, then shall the numbers on CG- be the cubes 
of those on EF, and the square roots of the cubes of 
those on CD.— Thus, to find the square and cube of 6. 
Take, with the compasses, the distance from F to 5; this 
will reach from D to 26, the square, and from G to 125, 
the cube. — ^To find the square root of 16. Take 16 from 
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D, it will reach from F to 4. — ^To find the square root of 

4 cubed. Measure from D to 4; the distance will reach 
from G to 8. 

The subdivision of the portions into tenths is easy; 
thus, for instance^ on the line E F : measure the distance 
from 1 to 2 ; this will reach back from 3 to 1} ; also from 

5 to 2}; from 7 to 3}^ and so on : also the distance from 
1 to 3; on DC; will reach forward from 4 to 12, from 5 
to 15, from 6 to 18, &c. ; the distance from 1 to 4 will 
reach forward from 4 to 16, from 6 to 24, from 7 to 28, 
&c. ; the distance from F to 2 will reach forward from G 
to 8, from 8 to 64, &c. ; and thus, bj a little contrivance, 
may the whole of the subdivisions be filled up. 

By means of the logarithmic curve we may double a 
cube or globe. Thus, suppose the diameter of a globe, or 
the side of a cube of gold, is half an inch ; it is required 
to find the diameter of another that shall contain twice as 
much. 



^ 

















^^^_ 



A H L M E 



Draw AB at right angles to AC, and make AD equal 
to half an inch, and AE the double of it. " Draw EF and 
DG parallel to AC, meeting the curve in F and G, from 
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which poinU let fall the perpendiculars FH^ GK. Di- 
vide HK into 3 equal parts, and make NL and OM 
parallel to FH. M is the diameter of the globe re- 
quired. 
For, from the nature of the curve, 

KO : OM : : OM : NL : : NL : FH; 
.-. KG» : 0M» : : KG : FH; that is, as 1 : 2. 

The duplication of the cube is a problem famous in 
antiquity. It was proposed, by the oracle at Delphi, as 
a means of stopping the plague which was then raging at 
Athens. 

To lay the numbers down on the rule, however, cor- 
rectly, we must have recourse to a table of logarithms, as 
was shown in describing the Sector. The line intended 
to be numbered is to be divided into 1000 equal parts; 
then the distance from 1 to 2 will be 301 of those parts, 
this number being the logarithm of 2 ; the distance from 
1 to 3 will be 477, the logarithm of 3, &c. 
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THE SLIDE-RULE. 

The Slide-rale is an instrument containing the loga- 
rithmic lines we have been describing ; they are arranged 
in different ways, according to the purpose for which they 
are intended; but the most extensively useful is that in 
which the D line commences with uni^y. The line A is 
laid down twice along the top of the rule ; the line D 
once in the same space, at the bottom of ihe rule; between 
them is a groove for the reception of the slide BC, which 
is merely a copy of the A line. In the rules I have con- 
structed there are two other grooves, for containing two 
extra slides, when not in use. One of these is marked E, 
and contains the logarithmic line repeated thrice. The 
third is a trigonometrical slide, and is graduated with lo- 
garithmic sines and tangents, the former of which work to 
the line D, and the latter to A. At the back is a com- 
prehensive table of numbers, suited to the variety of lines, 
surfaces, and solids usually met with. In making use of 
the rule, it is to be observed, that the values of the num- 
bers in the second division of A, B, and C, are ten times 
those of the first. If the first series be reckoned as .01, 
.02, .03, Ac, the second will be .1, .2, .3, &c. The first 
.1, .2, .3, Ac, the second 1, 2, 3, &c. The first 1, 2, 3, 
&c., the second 10, 20, 30, &c. And here it is immaterial 
whether a number is chosen from the first or second divi- 
sion ; but, in ascertaining the squares and square roots of 
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numbers with and D, it will be necessary to observe, 
that if the number of figures representing the square be 
odd, or a decimal having an odd number of ciphers before 
the first effective figure, it must be selected from the first 
division of C; if otherwise, from the second division. 
This is analogous to the caution requisite in extracting the 
roots of numbers by computation, where it is necessary to 
make the first pdint fall upon the unit, and to have an 
even number of figures in the decimals. A little practice 
on the rule will soon render this familiar : thus, to find 
the square soot of 5, or .05, look under the 5 in the first 
division of C; for the square root of 50, .5, or .005, under 
5 in the second division of C ; for in common arithmetic 
it is necessary to put .5 into the shape of .50, and .005 to 
.0050, before we take the root ; and the same form, of 
course, applies to the slide-rule. A like principle applies 
to the E slide. Whole numbers containing one figure are 
in the first division, two in the second, and three in the 
third; and decimals are managed accordingly. Besides 
this, there is a mutual relation between the lines, which 
will be readily understood by attending to the remarks 
that follow. 

When the slide BC is laid evenltf in the groove, that is, 
when the commencement of A coincides with the com- 
mencement of B, the numbers on A are the same as the 
numbers on B ; when the slide is in any other position, 
the numbers on A are proportional to the numbers on B. 
The same is the case with the D line. When the slide 
lies evenly in, the numbers on C are the squares of those 
on D ; when the slide is in any other position, the numbers 
on ^rii proportional to the squares of those on D. Thus, 
let the slide be drawn back till the 2 of B Ms under the 
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1 of A, then we have a series of continued proportionals, 

or equivalent fractions, the odd terms or numerators stand- 

12 3 
ing above the even terms or denominators, as -=2=3 

= |=^=&c.,orl:2::2:4::3:6::4:8::5:10:: 

&c. ', and on the C and D lines — =— = -j =— = &c., 

or 2 : 1« : : 8 : 2» : : 18 : 3« : : 32 : 4» : : &c. An attention 
to the above will explain every operation. Whenever we 
require to square a number, we select this number on D, 
and look over it on C ; whenever we wish to obtain the 
square root of a number, we select the number on C, and 
look under it on D. When we neither require to square 
it, nor to extract the root, the D line does not enter into 
the operation, and the A and B lines are used indiffer- 
ently. We may now proceed to the mode of valuing the 
numbers. 

Let it be required to multiply 3 by 6. Under the 3 
of A set the beginning 1 of the BC slide ; then over the 
5 is 15. Here the number chosen from the first division 
consisting of a unit, the beginning of B also a unit, and 
the result falling in the second division, it will consist 
of tens. 

To multiply 3 by 60. Let the slide stand as before; 
then, the 5 being taken as 50, the beginning of the slide 
will be 10 ; therefore the 3 standing over it, in the first 
division of A, becomes 30; consequently the result, fall* 
ing in the second division, will be 150. 

To multiply 30 by 50. Let the slide remain ; the pro- 
duct is now 1500; for the 5 on B being redsoned 50, tha 
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commencement of the slide will be 10 ; therefore the 30 
standing over it in the first division becomes 300 : conse- 
quently the result falling in the second division^ the pri- 
mary number will be thousands. 

In dividing numbers^ the following ^considerations are 
to be attended to. If the divisor contain as many figures 
as the dividend^ the beginning of the line containing the 
dividend will be unity. If the divisor have ofie more 
figure^ the beginning of the line from which the dividend 
is chosen will be in the^rs^ place of decimals; if it have 
two more, in the second place of decimals ; if three more, 
in the third place of decimals ; and so on. Thus, divide 

4 

4 by 8, that is-=? Under 4 of A in the second division 
o 

. place 8 of B, denominator under numerator as in vulgar 

fractions, then over the beginning of B is .5. For the 

divisor containing only as many figures as the dividend, 

the beginning of the second division of A will be 1, and 

the quotient falling in the first division, it will be .5. 

4 
Divide 4 by 80, that is 57^= ? Let the slide remain; 

here, the divisor containing otie more figure than the divi- 
dend, the beginning of the second division will be in the 
first place of decimals, that is .1, consequently the quo- 
tient will be .05. 

4 
Divide 4 by 800, that is ^^r^r == ? Let the slide stand ; 
oUU 

here, the divisor containing two more figures than the 

dividend, the beginning of the second division will be in 

the second place of decimals, that is .01, consequently the 

quotient will be .005. 



y Google 



INSTRUMENTS AND THE 8LIDE-BULE. 105 

The numbers on being the squares of those on D, if 
the beginning of D is 10^ that of will be 100. 

Divide by 40, 3 times 8 squared, that is — ~r- '=? To 

40 on A set 3 of B, over 8 of D is 4.8. Here, 40 con- 
taining one more figure than the 3, the 3 becomes .3, 
consequently the result, falling in the next division, will 
be 4.8. 

3 V 80' 
Divide by 40, 3 times 80 squared, that is — j^r — = ? 

Let the slide remain ; here the 3 becomes .3 as before, 
but the commencement of D being reckoned as 10, the 
numbers on C are increased 100 times, and therefore the 
.3 becomes 100 times .3 or 30 ; hence the result, falling 
in the next division, will be 480. 

To divide by decimals, add as many ciphers to the di- 
vidend as the first efifective figure is removed from the 

decimal point ; thus -75 = ? To 10 of A place .2 of B ; the 

2 is in XkiQ first place of decimals, therefore add om cipher 
to the 10 and it becomes 100. Look back to the begin- 
ning of the slide, and over it is 50. 

What is the value of -gj ? To 16 of A set 4 of B ; the 

4 being the second place of decimals, add two ciphers, and 
we have 1600 for the value of the 16. Look back to the 
beginning of the slide, over which is 400. 

3 V 40- 
Find the value of --^ — . To 8 on A set 3 of B, over 

.Oo 

40 of D is 60,000. Here the 8 of .08 being the second 
place of decimals, add two ciphers, and the 3 becomes 300, 
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(8 with two ciphers.) Again^ the beginniog of D being 
10, the numbers on C become increased by 10'; or 100, so 
that two more ciphers have to be added, and the 3 becomes 
3 with four ciphers, that is 30,000 ; conseqaentlj the re- 
sult falling more to the right will be 60,000. 

7 V 40« 
Find the value of "S , that is, divide by 60«, 

7 times 40«. To 60 of D set 7 of C, over 40 is 3.111. 
Here 60 and 40, the two numbers selected on D, having 
each the same number of figures, the result falling on C 
will contain the same number of integers as the 7 ; hence 
the quotient is 3.111. 

7 V4« 
Divide by 60«, 7 times 4«, that is ^^ =? Let the 

slide stand as before. Here the 4 of the D line contain- 
ing one figure less than the 60, the square of it will con- 
tain two figures less, consequently the 7 over the 60 is 
reduced to the second place of decimals, and becomes .07; 
hence the result will be .03111. 

Divide by 20«, 70 times 50. Over 20 on D set 70 of 
the slide, and look under 50 of A. Here, the commence- 
ment of the D line being 10, the beginning of the A line 
would be 100 ; but if we select 60 from the first division 
of A, we reduce it one-tenth, and the 70 becomes 7 ; con- 
sequently the number under 50 of A is 8.75. 

These exercises, if carefully attended to, will be amply 
sufficient to enable the student to value all quantities 
correctly. 

A very common operation on the slide-rule is to find a 
mean proportional between two numbers, that is, to ex- 
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tract the square root of their product. Let the two num- 
bers be 4 and 9. Multiply 4 by 9, and take the root; 
that is; to 4 of A set commencement of sHde^ under 9 is 
6. As the slide stands^ it necessarily follows that 4 of 
the slide is over 4 of D, since 4 is the square root of 4 
times 4 ; hence, in finding the mean proportional between 
two numbers, it may be effected with the and D lines 
only, by setting one of the numbers over itself, and look- 
ing under the other. Thus, what is the mean proportional 
between 3 and 12 ? Set 3 over 3, then under 12 is 6. 
The object intended to be accomplished by finding this 
mean proportional, is to reduce parallelograms to squares, 
and ellipses to circles ; a square whose side is 6 inches 
being equal to a parallelogram 12 inches by 3, and an 
ellipse, whose axes are 12 and 3, equal to a circle whose 
diameter is 6. 

As we shall have occasion hereafter to introduce various 
formulae for solids, it will be necessary for the learner to 
study the following operations : — 

Find the value of ^ ^ — -. Now, this is equal to 

— $ 1 ^ — . Therefore it must be effected by 

6» ~ 6« ^ 

obtaining the quotients separately, and then adding them 

together. Hence, over the 6 of D set 8 of the slide, 

then — 

Over 3 is 2. 

Over 5 is 5.55 
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Find the value of ^0 C^^' +J^ X 82') ^^^^ g^ ^^ ^ 



set 40, then — 



Over 24 is 21.2 

Over 32 is 37.6 

Ditto 37.6 



96.4 



TO jAi. , ^ 40(24« + 32» + 59.2«) ^ ^^ ^ 
Find the value of — ^^ a^. '- Over 46 of 



D set 40, then- 



Over 24 is 10.9 
32 is 19.35 
69.2 is 66.2 



96.45 



It sometimes happens that we require to multiply three 
numhers together. This cannot be done by the kind of 
rule we have been considering in one operation, but it 
may be effected by dividing by the reciprocal of one of the 
numbers. Thus, let it be required to find the product of 

4X7X8. The reciprocal of 4 is j == 25 j hence we 

have to divide by .25, 7 times 8. To .25 on A set 7 of 
the slide, under 8 on A is 224. By inverting the slide, 
and pushing it evenly in, that is, until the end is under 
the beginning of A, it will be seen that the numbers on B 
are the reciprocals of the corresponding ones on A ; hence 
if instead of the D line, a line similar to A were laid down 
under the slide, in an inverted position, it would furnish a 
series of reciprocals, and then three numbers might at once 

Digitized by VjOOQIC 



INSTRUMENTS AND THE SLIDE-RULE. 109 

be multiplied together, by taking one of them on this in- 
verted line, one on the slide, and the third on the A line, 
under which would be the product. Moreover, if, instead 
of laying it down so as to make the commencement of it 
fall under the end of the slide, it were drawn out toward 
the right hand till some other number than unity stood 
tinder the end of the A line, then the product of the three 
numbers would be divided by this constant number. For 
instance, suppose we wished to divide" by 2, 7 times 

8 times 6 ; that is, to find the value of ^ Let 

the inverted line be placed so that the 2 shall fall under 
the' end of the A line ] then over the 7 of this inverted 
line place 8 of the slide, and under the 6 of A will be 168. 
Hence, if a person pursued an occupation in which his 
calculations required to be divided by a constant number, 
lie might have a rule constructed to suit himself for that 
particular number. A few such rules are in use. The 
officers of the customs have frequently to measure pieces 
of timber, the length of which is taken in feet, and the 
breadth and thickness in inches. Now, multiplying these 
three dimensions together, and dividing by 144, gives the 
solidity in cubic feet Hence, let the A, B, and C lines be 
laid down as usual, and instead of D substitute an inverted 
A line, so placed that 144 shall fall under the end of the 
slide. Then, if a piece of timber measures 55 feet long, 
24 inches broad, and 9 thick ; under 55 of A place 24 of 
the slide, and ove/9 of the inverted line is 82} cubic feet, 
the content. In malt gauging again, the number of cubic 
inches in a bushel is 2218.19. Hence, taking the di- 
mensions in inches, let the inverted line be so placed that 
the number 2218.19 shall fall under the end of the slide; 

10 
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then if a cistern of malt measures 30 inches long, 16 
broad, and 12 deep ; to 30 on A set 16 of the slide, and 
over 12 of the inverted line is 2.6 nearly, the content in 
bushels. If we wish to obtain the result in gallons, (as 
8 gallons make a bushel,) take 8 times one of the dimen- 
sions : for instance, to 240 on A set 16 of the slide, and 
over 12 of the inverted line is 20.78 gallons. 

In practice these rules are of the utmost convenience 
possible, and the principle might be carried out with ad- 
vantage to a much greater extent than it jet has been. 



OBSERVATIONS. 

There are three kinds of measure — ^lineal, superficiali 
and solid: lineal, for such things as have length only; 
superficial, for those that have length and breadth ; kad 
solid, where there are length, breadth, and thickness. 
When lines vary proportionally they vary simply as their 
measures ; when surface^ vary proportionally they vary as 
the sqtiares of their like measures ', and when solids vary 
proportionally they vary as the cubes of their like measures. 
Thus, let there be two similar funnels, or cones, A and B; 
and let A be filled with water to the depth of 1 foot, and 
B to the depth of 2 feet ; then the circumference of the 
top of the water in B will be twice that of A, both being 
lines; the area of the top of the water in B will be 4 
times that of A, or 2", both being sur/cLces: and the 
weight or quantity of the water in B will be 8 times that 
of A, or 2', both being solids : and so of all surfaces and 
solids that vary proportionally. 

Jf a number of regular polygons have equal perimeteirSy 
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that contains the greatest amount of sarface in which the 
perimeter is distributed among -the greatest number of 
sides ; and, as a circle may be conceived to be a polygon 
of an infinite number of sides^ it therefore contains the 
greatest quantity of space within the shortest bounding 
line. 

A regular polygon contains more than an irregular 
polygon of the same number vOf sides, their perimeters 
being equal ; thus, an equilateral triangle has a greater 
area than any other triangle of equal ambit ; and a square 
is the largest quadrilateral that can be constructed with 
. sections of the same line. 

In the same way as the circle contains the largest sur- 
face within the least compass, so the sphere contains the 
greatest bulk within the smallest space. 



RATIOS AKD GAUGE POINTS. 

At the back of the rule will be found a quantity of 
tabular .work, adapted to various kinds of calculation : 
these consist of ratios and gauge points. Katios express 
the proportions existing between certain lines, or num- 
bers ; thus, if the diameter of a circle be 113, its circum- 
ference will be 355; and, as the circumference varies as 
the diameter, therefore 113 : 355 expresses the ratio of 
the diameter of any circle to its circumference. Gauge 
points are the square roots of divisors; thus, if we require 
to reduce square inches to square feet, we must divide by 
144, which number may be chosen on A; if instead of 
this we divide by 12», we take 12 upon the D line, and, 
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for the sake of distiDctioD^ 12 is called a gauge point. In 
rules having the D line commencing with unity, when the 
slide is set to any gauge point, it is also set to the cor- 
responding divisor, the one standing under the slide, the 
other above it ; and therefore, with such utiles, it would 
be immaterial whether we used divisors or gauge points ; 
as however, the formulae for many sur&ces, and almost all 
solids, require the use of the D line, it is far n^ore conve- 
nient for valuing the numbers, to make use of gauge- 
points, and therefore the tabular work is so constructed. 



Table I., contains a list of ratios belonging to the 
circle, commencing — 

A B 

113 diameter = 355 circumference. 
44 diameter = 39 side of equal square. 

That is, under 113 on A set 355 on B, then the num- 
bers on A will be a series of diameters, and the numbers 
beneath them on B will be their corresponding circumfe- 
rences ; and so of all the rest. 

EXAMPLES. 

1. If the diameter of a circle is 8 inches, what is its 
circumference ? Set the rule as directed, then under 8 is 
25.13 inches. 

2. The diameter of a circle is 9 inches, what is the side 
of an equal square ? Under 44 of A set 39 of B; under 
9 is 7.97 inches. 
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8. The radius of a circle is 6 inches^ what is the length 
of an arc of it containing 31} degrees ? Under 57.3 de- 
grees on A set 6 inches on B ; under 81} degrees on A 
is 3.3 inches. ' v 

4. The circumference of a circle is 75^ what is the di- 
ameter ?—Ans. 23.87. 

5. The diameter is 7, what is the circumference ? — Ans. 
22 nearly. 

6. The diameter is 17, what is the circumference ? — 
Ans. 58.4. 

7. Suppose the diameter of the earth to be 7960 miles^ 
what is its circumference ? — Ans. 25,000 miles. 

8. The diameter of a circle is 6 inches, what is the side 
of a square inscribed within it ? — Ans. 4.24. 

9. The circumference of a circle is 12 feet, what is the 
side of an equal square ? — Ans. 3.38. 

10. The circumference of a circle is 15 inches, what is 
the side of its inscribed square ? — Ans. 8.875. 

11. The side of a square is 10 inches, what is the 
diameter of an equal circle? — Ans. 11-28. 

12. The side of a square is 20 yards, what is the cir- 
cumference of an equal circle? — Ans.. 70.88. 

18. The side of a square is 19 inches, what is the side 
of an equal equilateral triangle ? — ^Ans. 28.88. 

14. The area of a circle is 27, what is the area of a 
square inscribed in it? — Ans. 17.18. 

10* 
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15. An arc of 38 degrees measures 5 inches, what is 
the raditts of the circle of which it is a partf^-^Ans. 7.56. 

16. I have a circular piece of wood, whose diameter is 
15 inches, and wish to cut the largest square out of it ; 
what will be the length of each side ? — Ans. 10.6 inches. 

The method of obtaining these ratios in whole numbers 
is a beautiful exemplification of the abridgment of labour 
efiected by the slide-rule; and of performing, with the 
utmost facility, operations that would require considerable 
time and trouble by any other means. Archimedes dis- 
covered that the ratio of 7 to 22 nearly expressed that of 
the diameter of a circle to its circumference. Purbachius, 
in the fifteenth century, making the diameter 120, reck- 
oned the circumference at 377. Metius, two centuries 
later, subtracted the 7 and 22 from the 120 and 377, and 
obtained the numbers 113 and 355. This last ratio 
is easily remembered, from its containing the first three 
odd numbers in pairs, and it is remarkably accurate, the 
quotient of 355 by 113 being true to the sixth place of 
decimals. The obtaining of these ratios in tntegere, how- 
ever, must have been a task of considerable labour. To 
determine them by the slide-rule is the work of a moment. 
By various modes of computation it may be shown that if 
the diameter be 1, the circumference will be nearly 
3.1416 ; therefore, under 1 of A set 8.1416, as nearly as 
possible, and run the eye along until you find two num- 
bers coinciding : such will be 113 and 355, which will 
be the ratio required. The advantage of having the ratios 
in whole numbers, for the purposes of the slide-rule, is 
obvious, as they can be sot with greater rapidity and 
exactness than decimals. 
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The following table will enable the student to eolve the pre- 
Tious questions numerically :— » 

Diameter 1, circumference 3.1416. 

side of equal square, .88^2. 

side of inscribed square i7071. 

Circumference 1, diameter .8188. 

side of equal square .2821. 

side of inscribed square .2251. 

Side. of square 1, diameter of equal circle 1.128. 

circumference of equal circle 8.545. 

■^— side of equal equilateral triangle 1.5106. 

Area of circle 1, area of inscribed square .6366. 

Area of square 1, area of inscribed circle .7854. 

area of inscribed octagon .8284. 

The length of an arc of 57.2957795 degrees sm radius of circle 

Solution of question 8 :— .7071 X 6 s 4.2426. 



Table II« contains the Linear Dimensions of Polygons 
described within and without Circles, and commences 
thus:-— 



No. of 
Sides. 


Inscribed Polygon. 


Circumscribed 
Polygon. 


A. 
Diam. 


B. 

Side. 


A. 
Diam. 


B. 

Side. 


3 
4 


15 
9.9 


18 
7 


15 

1 


26 
1 



That is, if the diameter of a circle be 15, the side of an 
equilateral triangle inscribed within it will be 13 : hence, 
under 15 of A set 13 of B ; then the numbers on A will 
be a series of diameters, and the numbers beneath them 
on B will be the sides of the corresponding triangles; and 
so of the rest. The method of obtaining them is first 
by computation, and then as for the ratios before 
described. 
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EXAMPLES. 

17. The diameter of a circle is 12 inches^ what will be 
the side of an equilateral triangle inscribed therein ? — 
Under 15 of A set 13 of B; under 12 of A is 10.4 
inches. 

18. The diameter of a circle is 11} inches^ what is the 
side of a regular pentagon inscribed within it ? — Ans. 6.76. 

19. A circle whose diameter is 9i inches has a regular 
hexagon surrounding it, what is the length of each side ? 
—Ans. 6.33. 

20. A person having a circular piece of ground 37 
yards in diameter/ wishes to make within it a flower-bed 
of a heptagonal form, whose area shall be a maximum ; 
what will be the length of each side ? — Ans. 16. 

21. If I make the diameter of a circle a parallel dis- 
tance on the line L of the sector from 100 to 100, what 
parallel distance must I take off as the side of an undeca- 
gon inscribable therein ? — ^Ans. 28.1. 

The following table will enable the student to solve the pre- 
ceding questions numerically. 
The diameter of the circle being unity, 



No. of 


Side of Inscribed 


Side of Circumscribed 


Sides. 


Polygon. 


Polygon. 


8 


.8660254 


1.7820608 


4 


.7071068 


1.0000000 


6 


.6877863 


.7266425 


6 


.6000000 


.5773603 


7 


.4338887 ' 


.4816745 


8 


.8826884 


.4142186 


9 


.3420201 


.3639702 


10 


.3090170 


.3249197 


11 


.2817825 


.2936264 


12 


.2688190 


.2679492 



Solution of question 20:— .4338837 X 37 = 16.0536969. 
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Table III. contains the Areas of Polygons^ commenc- 
ing thus : — 



No. of 
Sides. 


C. 
Area. 


D. 

Side. 


8 
5 


8.9 
43 


8 
5 



That is, if 3 be the side of an equilateral triangle, its area 
will be 3.9, and, as similar surfaces vary as the squares 
of their like measures, if over 3 of D we set 3.9 on C, 
then the numbers on D will be a series of sides, and the 
numbers over them on their corresponding areas. 

examples. 

22. The side of an equilateral triangle is 2, what is its 
area ? Over 3 of D set 3.9 on C ', over 2 of D is 1.732, 
the area required. 

23. Required the area of a regular nonagon having a 
side of 7.3 yards. — ^Ans. 329 yds. 

24. What is the area of an undecagon whose side 
measures 6.4 feet ? — Ans. 383.6 feet. 

25. The side of an octagon is 4.9 feet, what is its area ? 
— Ans. 116 nearly. 

The side being given in inches, to find the area in square 
feet, take 12 times the number on D, for the number of 
inches in a square foot is 12^ 

examples. 

26. The side of an equilateral triangle is 19 inches, 
how many square feet does it contain ? — Over 36 of D 
set 3.9 of C ; over 19 of D is 1.086 feet. 
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27. The side of a regular pentagon is 53 inches^ how 
many square feet does it contain ? — Ans. 33.55. 

28. What is the area of a nonagon^ each of whose sides 
measures 27 inches? — Ans. 31.29. 

The side being given in feet; to find the area in square 
yards; take 3 times the number on Dy for the number of 
feet in a square yard is 3'. 

EXAMPLES. 

29. The side of a regular pentagon is 7 feet^ how many 
square yards does it contain ? — Over 15 of D set 43 of C; 
over 7 of D is 9.36 yards. 

30. What is the area of a heptagon whose side measures^ 
17 feet?— Ans. 116.7 yards. 

31. A decagon measures 20.2 feet along each side^ 
what is the area? — Ans. 348.8 yds. 

The following table will enable the student to solve the pre- 
ceding questions numerically. Multiply the subjoined numbers 
by the square of the side. 

Equilateral Triangle 4330127 

Pentagon 1.7204774 

Hexagon 2.5980762 

Heptagon 3.6339124 

Octagon 4.8284272 

Nonagon 6.1818242 

Decagon 7.6942088 

Undecagon * 9.3656411 

Dodecagon 11.1961624 

Solution of QuesUon 22;— .4330127 X 2» = 1.7820608. 



y Google 



IN8TBirM£NTS AND THE SLIPE-BULE. 110 

FALLING BODIES. 

Table TV. is of a miscellaneous natore^ and will be 
understood by inspection. It is found that a heavy body^ 
in the latitude of London, falls 579 feet, or 193 yards in 
6 seconds ; and the spaces descended by falling are as the 
squares of the times ; hence, as directed by the table, over 
6 seconds on D set 579 feet on C, (ot 193 yards, if the 
distance be required in yards,) then the numbers on C 
will be a series of distances fallen, and the numbers be- 
neath them on D the seconds elapsed in falling. The 
same law applies to bodies projected directly upwards, the 
retardation corresponding with the acceleration in an 
• inverse order. 

£::tAMPLES. 

32. How many feet will a body fall in 1 second ? — 
Over 6 of D set 579 on C; over 1 of D is 16^ feet. 

33. If a ball is propelled straight upwards, and is found 
to be 18 seconds before it again falls to the earth, how 
many yards has it ranged ? — 9 seconds occupied in ascend- 
ing, 9 in descending ; over 6 of D set 193 on C ; over 9 
is 434 yards. 

34. Standing at the mouth of a well, which, by means 
of reflecting the sun's rays into it with a mirror, I per- 
ceived to be of considerable depth, I dropped a stone into 
it,«and found it reached the water in di seconds; what 
was its depth ? — Ans. 197 feet. 

35. How long would a cannon-ball, fired perpendicu- 
larly upwards, be in rising a mile, if it went no higher ? — 
Ans. 18.12 9econds. 
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PENDULUMS. 

A pendulum 22 inches long, as shown by the table, 
makes 80 vibrations, or 40 revolutions per minute, and 
their lengths vary reciprocally as the squares of their 
times, their velocity being regulated by the force of 
gravity, like that of falling bodies. Hence, invert the 
slide, and set 22 inches on B over 80 vibrations, or 40 
revolutions on D ; then the numbers on the inverted line 
will be a series of lengths, and the numbers beneath them 
on D the corresponding number of vibrations or revolu- 
tions. 

EXAMPLES, 

86. What is the length of a pendulum vibrating 60 
times per minute ? — Over 60 is 39.2 inches. 

37. What is the length of a pendulum vibrating 64 
times per minute? — Ans. 84.4 inches. 

38. What is the length of a pendulum making 29 re- 
volutions per minute ? — Ans. 42 inches. 

EXPEBIMENT. 

Suspend from a hook in the ceiling a string with a 
bullet at the end; set it vibrating, or swing it round so 
as to cause it to revolve, and compare its motions with a 
watch. 



The next part of the tabular work relates to the areas 
rf circles and surfaces of spheres, and is as follows : — 
Circle 43 area C =s 7.4 diameter D. 

23 area C ssa 17 circumference D. 
Sphere 172 surface C as 7.4 diameter D. 
92 surface C os 17 circumference. 
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The stadent will perceive from this that the surface of 
a sphere is 4 times the area of a circle of equal diameter 
That iS; if an orange were perfectly round; and cut into 
two equal parts, then the external sur&ce of the rind in 
. each half would he just douhle the surface of the part cut 
by the knife. Similar surfaces yarying as the squares of 
their like measures, the dimensions being taken on D the 
areas will be on C. 

EXAMPLES. 

89. The diameter of a circle is 5 inches, what is its 
area?-^ver 7 A of D set 43 of C; over 5 is 19.63 square 
inches. 

40. What is the area of a circle whose oircumfbrenoe is 
12 inches? — ^Ans. 11.46 inches. 

41. The circumference of a sphere is 12 inches, what 
is the surface? — Ans. 45.8 square inches. 

If the dimensions are given in inches and the area is 
required in feet, take 12 times the number on D ; and if 
the dimensions are in feet, and the area is required in 
square yards, take 8 times the number on D. 

EXAMPLES. 

42. The diameter of a circle is 19 inches, what is its 
area in square feet? 12 times 7.4 = 88.8 ; over 88.8 on 
D set 43 on ; over 19 is 1,97 square feet. 

43. The circumference of a circle is 43 inches, how 
many square feet does it contain? — ^Ans. 1.021 square 
feet. 

44. The diameter of a sphere is 17 feet; what is its 

surface in square yards? — ^Ans. 100.8 square yards. 

11 
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The next part of the table is — 

1 G ^ side of square or cnbe D. 

2 G ^ diagonal of square or diameter of ciroumscribing 

circle D. 
8 C ^ diagonal of cube or diameter of ciroumsoribing 
sphere D. 

That is^ set 1 of C over the side of a given sqaare on D, 
then under 2 of C will be its diagonal^ or the diameter of 
its circumscribing circle. 

EXAMPLES. 

45. A circle 12 inches in diameter has a square in- 
scribed within it; what is the length of each side? — Over 
12 of D set 2 of C; under 1 of is 8.48 inches. 

46. A cube measures 7 inches along the side, what will 
be the diagonal of the face, and what of the cube? — 

Ans. 9.9 diagonal of the face. 
12.12 diagonal of the cube. 

47. What is the longest line that can be taken in a 
cubical box whose sides measure 19.4 feet?— Ans. 33.6 
feet. 

48. A square inscribed in a circle measures 43 inches, 
what is the diameter of the circle? — ^Ans. 60.8 inches. 

49. The diameter of a sphere is 26.7 inches; what will 
be the side of the largest cube that can be cut from it? — 
Ans. 15.41. 

50. Standing within a cubical room I found that the 
distance from one of the top corners to the opposite cor- 
ner at bottom was 23.3 feet; what was the distance of 
the ceiling from the floor? — ^Ans. 13.45 feet. 
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VELOCITY OF SOUND. 

The flight of sound is uniformly proportional to the 
time; hence use the A and B lines as directed in tho 
table. 

EXAMPLES. 

51. I observed the flash of a gun 12 seconds before 
hearing the report ; how far was it distadt from me ? — 
To 65 seconds on A set 14 miles on B ; under 12 of A is 
2.59 miles on B. 

52. I observed a flash of lightning, and 7 seconds after- 
wards heard the thunder ; how far distaat was the electric 
cloud? — Ans. 1} mile. 

53. A person standing on the bank of a river^ heard 
the echo of his voice reflected from a rock on the opposite 
bank in 5 seconds after; what was the breadth of the 
river ? — ^Ans. 950 yards. 

The subjoined table will enable the student to solve the ques- 
tions by computation : — 

A body falls 16jV feet in the first second. 

A pendulum vibrating seconds in the latitude of London, is 
89.1396 inches. 

In a pendulum describing a conical surface, the time of revo- 
lution is equal to the time of two oscillations of a simple pen- 
dulum, equal to the height of the cone; that is, a pendulum 
takes the same time in going half round a circle as it does in 
falling across it. 

Putting d diameter, e circumference, 

Area of Circle = .7854 d* or .07958 c». 
Surface of Sphere = 3.1416 d* or .31832 c*. 
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Pattiiig « ride of square or cabe, then dUgonal of square, or 
diameter of circnmseribiiig eirde ss « ^ 2 as « x 1.4142136. 

Diagonal of cnbe, or diameter of circnmscribiBg 
sphere = « ^^ 3 a= « X 1.7820508. 
Sound flies about 880 yards per second. 
Solution of Question 88 .16^ X 9" » 1802f feet » 434} yards. 



SURFACES. 

We now come to Table 5, which consists of a number 
of gauge points for the mensuration of surfaces^ quadri- 
lateralsy triangles^ parabolas, circles, cycloids^ and ellipses; 
and the surfaces of prisms, cylinders, pyramids, cones, and 
spheres. The area of a rectangle is equal to the product 
of the length and breadth. The area of a trapezoid is 
found by multiplying half the sum of the parallel sides by 
the perpendicular distance between them. A triangle is 
half a rectangle, and therefore its area is half the product 
of the height and base.* The areas of trapeziums and 
multilaterals are found by dividing them into triangles. 
A parabola is equal to I of its circumscribing parallelo- 

* If a quadrilateral can be inscribed in a circle, its area 
will be, (putting « semiperimeter, and a, b, e, d, the sides,) =s 
^TH^, 9^, 7^. T^ I^ one of the sides, as «?, is supposed to 
Tanish, the figure merges into a triangle, and the formula becomes 
v^iZIJ, allb, 9^. ~9, That is, for the quadrilateral, from half 
the sum of the four sides subtract each side separately; multi- 
ply the four remainders together; the square root will be the 
area. For the triangle, from half the sum of the three sides 
subtract each side separately ; multiply the three remainders 
and the half sum together ; the square root will be the area. 
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gram^ and therefore its area is found by taking } of the 
product of the height and base. A circle may be oon- 
oeiyed to be a polygon of an infinite number of sides. 
NoW; a polygon is made up of as many triangles as the 
figure has sides^ and the area of each triangle is found by 
taking the product of the height and half the base; there- 
fore the area of the whole polygon will be equal to the 
perpendicular multiplied by half the perimeter; this, 
when the figure merges into a circle, becomes the radius 
multiplied by half the circumference ; or, which is equiva- 
lent, the diameter multiplied by i of the circumference. 
Now, when the diameter is 1, the circumference is 3.1416, 
hence 1 X •7854 = the area of a circle whose diameter 
is unity^ And since similar surfaces are to each other as 
the squares of their like dimensions, the area of any circle 
will be equal to the square of its diameter multiplied by 
.7854. Th« area of the sector of a circle, in like manner, 
will be found by multiplying the radius by i the length 
of the arc.* The area of a cycloid is 3 times that of its 
generating circle. From the method described in page 
12, of projecting the circle into an ellipse, it is obvious 
that the area will be in proportion to the elongation, that 
is, equal to the product of the axes multiplied by .7854. 
The sides of a prism being parallelograms, it follows that 
the perimetrical surface will be equal to the product of 

* To find the length of the arc, from 8 times the chord of i 
the arc subtract the chord of the ^hole arc, and divide by 3 ; 
the quotient is the length, nearly. 

To find the length of the chord of J the arc, add together the 
square of the versed sine, or height of the segment, and the 
square of i the chord ; the square root is the length of the 

chord of i the arc. 

11* 
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fha perimeter and height. The same rale applies to the 
cylinder^ which is a round prism. The sides of a pyramid 
being triangles^ the area of each of which is found by 
multiplying i the base by the height, the sloping snr&oe 
will be found by .multiplying i the perimeter by the 
slant height The same will be the case with the cone, 
which is a round pyramid. The surface of a sphere is 
equal to the convex surface of its circumscribing cylinder^ 
which surface, as above shown, is equal to the circum- 
ference multiplied by the depth ; that is, in this case, the 
circumference multiplied by the diameter. The same 
holds good for the surface of any part of the sphere, it 
still being equal to the surface of the corre^nding paral- 
lel section of the cylinder. 

We may now refer to Table 5, at the back of the rule, 
the gauge points of which are determined as follows. To 
reduce square inches to square feet, we divide by 144, 
and |/ 144 =3z 12, the gauge point for squares; 144 -^ 
.7854 = 18a.8462, and |/ 188.8462 = 18.54 the gauge 
point for circles, when the dimensions are taken in inches, 
and the area is required in square feet ; and so of the 
rest Putting s side, b base,p perimeter, h perpendicular 
height, ff slant height, d diameter, c coigugato aziS| t 
transverse; then 



Area of square = Fktrallelogram ; 



square. ** square. 

Triangle -1^ Pwabola *** 



square. square. 

Snrfiice of prism \__ ph Surface of pyra>) jpH 

and cylinder J square, mid and cone ) ^ square. 
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Area of circle == -r-r: — Ellipse = . , ■ 

circle. '^ circle. 

Area of cycloid = . . - Surface of sphere =. ■ . , 
circle. '^ circle. 

Surface of spherical zone = 



circle. 



That is^ to obtain the area of a square^ over the square 
gauge point on D^ set 1 of the slide^ then over the side on 
J) is the area; for the parallelogram over the square 
gauge point on J), set the base, then under^ the height on 
A is the area ; or find a mean proportional between the 
base and height^ then over the square gauge point on D 
set 1, and over the mean proportional on D will be the 
area ; for the parabola^ over the square gauge point on D 
set } of the base, then under the height on A is the area; 
for the surface of a sphere, over the circular gauge point 
on D set 4 of the slide, then oyer the diameter on D is the 
surface; and so of the rest. 

EXAMPLES. 

54. The diameter of a circle is 17 inches ; how many 
square feet does it contain ? — Over 13.64 on D set 1 of 
the slide, over 17 is 1.576 feet. 

55. The base or double ordinate of a parabola is 39 
inches, the height or absciss ll.l inches; what is the 
area in feet ?— # of 39 = 26. Over 12 of D set 26 of 
the s]ide, under 11.1 of A is 2 feet. 

56. The diameters of an ellipse are 20 and 17 feet; 
what is the area in square yards ? — Over 3.385 on D set 
20 on the slide, under 17 on A is 29.67 yards ; or, to 17 
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of D set 17 of the slide, under 20 is 18.44, the mean pro- 
portional : then, over 3.385 on D set 1, over 18.44 is 
29.67, as hefore. 

57. The side of a square measures 17 inches; required 
the area in square feet — ^Ans. 2 square feet. 

58. As a wheel, 5 feet in diameter, is rolled along by 
the side of a wall, a nail,' bent sideways over the tire, 
scratches it^ and marks out a succession of curves, termed 
cycloids ; what is the area of each in square yards ? — 
Ans. 6.545 yards. 

59. A circular field measures 283 yards in diameter; 
how many acres does it contain ? — Ans. 13 acres nearly. 

60. A globe is 7 feet in diameter; what is the extent 
of its surface in square yards? — Ans. 17.1. 

61. A piece of land measures 95 links by 74; how many 
square perches does it contain ? — ^Ans. 11.24. 

62. How many square yards of canvas will be required 
to construct a conical tent, 57 feet round the bottom, the 
slant height of which is to be 22 feet ? — ^Ans. 69.7. 

63. Required the surface, in square feet, of a pentago- 
nal prism, the length 168 inches, and each side of the 
base 33 inches. — ^Ans. 192.5. 

64. How many square yards are contained in a para- 
bola, of which the base is 126, and the height 210 inches? 
—Ans. 13.6. 

• 
The following Table of Divisors will enable the student 
to solve the preceding questions numerically. The same 
formulas apply. 
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Bimenaknui in 


Area in 


Squaro. 


Circle. 


Inches 


Sq. Inches 

Feet 

Yards 

Yards 

Bods 

Perches.... 
Perches.... 

Acres 

Acres 


1 

144 

1296 

9 

272.26 

625 

80.26 

4840 

10 


1.2782 

183.3462 

1650.1164 

11.4591 

846.639 

796.7787 

88.6154 

6162.4719 

12.7828 


Feet 


Links 


Yards 


Chains 





Solution of Question 68 : 



8X6* 
11.4591 



=s 6.646 square yards. 



The following is not adapted for the slide-rule ; but as 
it is an excellent method, and requisite to complete the 
mensuration of surfaces, it is accordingly inserted. 

To find the areas of plain figures by an odd number of 
equidistant ordinates. 




Find the centre of the figure w, and draw the diameters 
np, dd. On each side of to set off any equal distances 
W8, sv, voy tor, rtj tm, as often as may be deemed necessary, 
and through the points m, t, r, &c., draw the ordinates aa, 
hbj ccy &c., and measure their lengths ; also the distance 
nriif oi opj which are equal to each other. 

Place in a line the letters x 4e 2 o 

(Contractions for the words, extreme, four times even, twice odd.) 

Set the first ordinate, cm, under x; the second, 56, un- 
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der 4 6 ; the third, re, under 2 o ; the fourth under 4 e ; 
the fifth under 2 o ; the sixth under 4 e ; and bo on, alter- 
nately, to the last, which set under x. Add up the three 
columns separately. 

Multiply the one under 4 6 by 4 ; and the one under 
2 o by 2. 

Add the three together, and multiply by the common 
distance tr». 

For the end areas multiply the sum of the extreme 
ordinates, standing under x^ by twice the height nm; that 
is, the sum of the bases by the sum of the heights. 

Add this product to the other, and divide by 3, gives 
the area. 

EXAMPLE. 

65. In a curvilinear figure, 7 ordinates were taken in the 
following order, 20, 32, 38, 41, 39, 33, 22; the common 
distance w% was 8 ; the distance nm 3 : required the area — 
X 4 c 2 o 



20 


32 


38 


J22 


41 


39 


42 


33 


77 


6 


106 


2 


252 


4 

424 

154 

42 

620 
8 

4960 
252 

3 ) 5212 

1737i area. 


154 
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The greater the number of ordinates taken, the more 
correct will be the area found ; and when the curve ana 
is abrupt, the distance nm should be small. If the curve 
taper gradually the distance nm may be taken equal to 
mt, and then the extreme ordinates will be 0. The num- 
ber of ordinates must always be odd. Beginning with 
one in the middle insures this. 

66. In a curvilinear figure 5 ordinates were taken, 70, 
79, 80, 78.6,69; their common distance was 24; the 
height of each of the end areas 8 : required the area. — 
Ans. 8176.53. 

67. In a triangle the ordinates were 0, 2, 4, 6, 8 ; the 
common distance 3 ; required the area. — ^Ans. 48. 

68. The ordinates in a triangle are 0, 8, 6, 9, 12, 9, 6, 
8, 0; the common distance is 4; what is the area?—* 
Ans. 192. 



SOLIDS. 

The next part on the Slide Eule is Table 6, which 
consists of a number of gauge-points for the mensuration 
of Solids. The content of a prism, or cylinder, is found 
by multiplying the area of the base by the height. Pyra- 
mids and cones are i of their circumscribing prisms and 
cylinders, and therefore their content will be equal to the pro- 
duct of the area of the base, and i of their height. A globe 
is } of its circumscribing cylinder, and therefore its content 
is equal to the area of one of its great circles multiplied by 
f of its diameter. The number of cubic inches in a gallon, 
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18 277.274 ; henoe, if the dimensioiis of a square prism are 
taken in inches, and the content is required in gallons, it 
will be (putting I the length, and $ the side of the prism) 

Q^y ^- . and i/ 277.274 = 16.65, the gauge point for 

square prisms. Since the pyramid is } of the prism, we 
jnay multiply by the whole height, and divide by three 

Is* 
times 277.274: that is, the content will be ^^^ ^22 ^^^ 

1/ 831.822 = 28.84, the gauge-point for square pyramids. 
A gallon of water weighs exactly 10 lbs. ; .-. 1 lb. occupies 
27.7274 cubic inches; dividing this by the specific gravity 
of any metal, and taking the square root of the quotient, 
gives the gauge point for such metal. The gauge points 
for polygonal prisms are obtained by dividing the number 
of cubic inches in a gallon by the polygonal numbers given 
at page 118, and taking the square root. In treating of 
surfaces, it was seen that the area of a circle, inscribed in 
a square whose side is unity, is .7854. Now, 277.274 -v- 
.7854 = 353.0353 ; consequently, the dimensions being 
taken in inches, as before, the content of a cylinder will be 

(putting I length andddiameter)ggg-^ggg and |/ 353.0353 

= 18.78, the gauge point for cylinders. In the same way 
as the pyramid was determined by taking 3 times the 
prismatic divisor, so the content of the cone will be found 
by taking 3 times the cylindrical divisor; and 3 X 353.0353 

= 1059.106; consequently, content = 2059.106 * 
1/ 1059.106 = 32.54 the conical gauge point. The globe, 
being i of the cylinder, will be twice jthe cone ; hence the 
divisor wiU be the hal( of 1059,106, namely, §29,553 ; 
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therefore^ putting d the diameter, the content of the globe 

will be 529 553 wi<i 1/ 529.553 = 23, the gauge point 

for globes.. By having divisors and gauge points thus 
prepared; round solids are reduced to square ones, hj 
which means their contents are determined with the 
greatest ease, as they all come under the general formula 

-g-, in which I represents the length, s the side or diame- 
ter, as the case may be, and G the prepared divisor, or, for 
the purposes of the Slide-rule, its square root, the gauge 
point. 

For finding the solidities of frustums the following is 
an invaluable rule, and of general applicability : — Find 
the area of the top, the area of the bottom, and four times 
the middle area ; their sum is six times a mean area, which, 
being multiplied by one-sixth of the depth, gives the con- 
tent. Now, since by the above-mentioned divisors we 
have reduced round solids to square ones, the rule bo- 
comes : Add together the square of the top, the square of 
the bottom, and /our times the square of the middle, and 
multiply the sum by one-^xth of the depth. But four 
times the square of a number is equal to the square of 
twice that number; therefore the rule becomes still easier. 
Add together the square of the top, the square of the bot- 
tom, and the dquare of twice the middle, and multiply by 
one-sixth of the depth. Moreover, when solids do not 
bulge in the middle, like globes and spindles, but taper 
regularly like cones and pyramids, then the sum of the 
top and bottom wiU he twice the middle diameter. There- 
fore, for all regularly tapering frustums the above given 
rule becomes still more concise, viz. : Add together the 
12 
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square of the top, the square of the hoUom, and the square 
of their ntm, and multiply by one^tiixth of the depth. In 
the same way as for cones, we multiplied by the whole of 
the height, and took three timet the divisor, so for frus- 
tums we may take the whole of the height, and divide by 
rix Hmes the divisor. Now, 6 times 277.274 = 1663.644, 
whose square root = 40.78, the gauge point for square 
frustums. Also, 6 times 358.0858 = 2118.2148, whose 
square root = 46, the gauge point for round frustums. 
Moreover, as a rule that applies to frustums, applies also 
td the complete solids themselves, and as this is of such 
general utility, we shall illustrate it by a few examples. 



EXAMSLBS. 

69. A carpenter has a block of wood 11 inches square 
at top, 13 inches square at bottom, and 12 inches deep : 
does it contain an exact cubic foot, or more, or less ? 

Top 11«=121 
Bottom 13«= 169 
Sum 24«=576 



2 = T of depth. 

1782 = 4 cubic inches more 
than a solid foot 

70. A prismoid, 24 inches deep, measures 12 inches 
by 10 at top, and 16 by 12 at the bottom; what is the 
content in cubic inches f 
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Top 12 X 10 = 120 
Bottom 16 X 12 = 192 
Sum 28 X 22 = 616 

928 X 4 = 3712 cubic inches. 

71. A wedge measures 8 inches along the edge ; the 
base is 12 inches long, and 4 thick, and the perpendicular 
height 18 inches ; what is the solidity 7 

Top 8 X = 

Bottom 12 X 4 = 48 

Sum 20 X 4 = 80 

128 X 3 = 384 cubic inches. 



72. A cylindroidi or solid bounded at one end by a 
circle 6 inches diameter, and at the other by an ellipse 
whose axes are 12 and 10, is 24 inches deep ; how many 
gallons will it contain ? 

Top 6 X 6 = 86 

Bottom 12 X 10 = 120 

Sum 18 X 16 == 288 



444X4=1776; 

73. What b the solidity of a globe whose diameter is 1 ? 
See diagram page 48, and suppose B to be halfway 
between A and F, and then the diameter being 1, A C 

will be |, and AE = j- 
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.*. twice EC = g \/d the middle diameter; then — 

Square of top = 

Square of bottom = 1 

Square of twice middle = 3 

4Xg^+.7854 = ,5236, 

tl^e content as determined by other modes. 



To return to the slide. Putting I or h, lengthy height^ 
or depth, according as the solid is considered lying or 
standing ; d and D, less and greater diameter ; m, middle 
diameter, taken halfway between them ; r and R^ less and 
greater radius ; « and S, less and greater side ; q, square 
root of product, or mean proportional between two dimen- 
sions; /, fixed axis ; and v, revolving axis; then the capa- 
cities of solids will be denoted by the following formuke : — 



1. 


pnsni 

V 


2. 


Pyramid = rj. 

•^ pyramid 


8. 


Cylinder = — ,. , . 
cylinder 


4. 


Cone-"' 
cone 


6. 


Sphere = — — — 
globe 


6. 


Spheroid — -^ . 
globe 
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7. Beotangular Prism = 2L- — . 

square pnsm 

8. Beotaoffnlar Pyramid == — rr« 

® ^ square pyramid 

9. Parabolic Prism = 



square pyramid 



10. BlUptic Cylinder = ./^^ . 

'^ '' cylinder 

11. Elliptio Cone = -^. 

' cone 

12. Paraboloid, or Parabolic Conoid = .. - % 

cylmder 

2A22» 
or 



cylinder 

13. Hyperboloid, or Hyperbolic Conoid 

A(Z>' + 2^«) ^^ A(ig«+w') 
round frustum' globe 

14. ParaboHo Spindle = ^^ X .8 

15. Spmdles in general = ^i^— —Z, 



or 



round frustum 
?(ift + m') 



16. Fmstum of Pyramid = pyn^^idal frustum * 

17. Frustum of Cone = round frustum 



12* 
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18. Frustum of Paraboloid == i^C^+_^, 

cylinder 

cylinder 

19. FruBtom of Hyperboloid = K^ + f +^'\ 

'"^ round frustum ' 

globe 

20. Middle Frustum of Parabolic Spindle 

_ Z(<3ft + 2 . 2>« — ^ig (of 2 diff.)«) 
cone 

21. Middle Frustum of Spindles in General 

round frustum ' globe 

22. Middle Frustum or Spheroid = ^(^+2-^) 

cone 

23. Midddle Frustum of Sphere — ^(-P" — *of^ 

cylinder 

^(^+fofA«) 
^' (^linder 

24. Any Frustum of Sphere 

^ }^(e^a + i>i+l^ofA«) 2A(r« + ift+iofA») 
cylinder ' ^' cylinder 

25. Segment of Sphere = K^'=^'^)^ 

globe 

On examining the above it will be seen that the formu- 
IsB for frustums readily resolve themselves into those for 
their corresponding complete solids; thus, if the frustum 
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in formula 16 is supposed to be completed^ and run up to a 

point, then s vanishes, and the rule becomes -^ — 31 ij 

and since the frustum divisor is double the pyramidical| 
the numerator and denominator cancel by 2, and become 

7 ^* 

73* In the 18th, if d and r vanish, the formula is 

pyramid ' ' 

resolved into the 12th, and so of the rest. A pyramid, as 
before remarked, is equal ^to i, a parabolic prisnfto } of 
its circumscribing rectangular prism. A cone is i, a 
sphere or spheroid }, a paraboloid }, and a parabolic spin* 
die Yi, of its circumscribing cylinder. An examination 
of the formula for these solids will show that they are so 
€K)nstructed. Thus, comparing the 9th with the 8th, we 
find 21 instead of I; and comparing the 12th with the Sd} 
we have ih for h or I The parabolic spindle being y\ 
of the cylinder, and the cylinder | of the globe, multiply- 
ing these together we have .8. The difference between an 
oblate and prolate spheroid will be best understood by 
considering the revolutions of a parallelogram. Suppose 
a parallelogram 12 inches by 6 to be divided by two lines 
across the middle, at right angles to each other, so as to 
cut it into 4 equal portions, each 6 by 3. Then, if the 
parallelogram revolve on the short axis, it will generate a 
cylinder 6 inches deep, and having a diameter of 12 inches; 
consequently, its content will be 6 X 12* X .7854. K 
it revolve on the long axis the cylinder produced will 
be 12 inches deep, and 6 diameter, and its content 
12 X 6« X .7854 ; that is, in each case fv' .7854.* Two- 

* In short, all the formulie for round solids are bnt modifica- 
tions of the general expression ^- ; and even angnlar solids 
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thirds of this, or >> .5236, gives the spheroid =^[^' 

The earth is a spheroid slightly oblate, the polar diameter, 
as determined by careful measurements of a degree at 
different parts of its surface, being about 26 miles lesa 
than the equatorial, the prominence of the torrid SBone 
having, it is presumed, been acquired, at the commence- 
ment, from the operation of centrifugal force : it being 
supposea that the earth was formed from matter in a semi- 
fluid state, and set rotating on its axis before the parts 
had been allowed time to consolidate. 

ILLUSTRATION OF FORMULA. 

74. Formula 1.— What is the content, in gallons, of s 
vessel in the shape of a square prism, 1 inch deep, and 29 
inches along each of the sides ? 

Referring to the back of the rule, 16.66 will be found 
the gauge point for square prisms; therefore over 16.65 
of D set 1 ; over 29 is 3.03 gallons, the content.* 

75. Formula 2.— Bach side of an hexagonal ^pyramid is 
46 inches, its perpendicular depth 90 inches ; what is the 
content in gallons ? Over 17.9 set 90; over 46 is 594.8 
gallons. 

76. Formula 3. — ^The depth of a cylinder is 40 inches, 

may come under the same form, if we oonceive them to be 
described by the rotaUon of planes, and the generated surfaces 
subsequently shaped into polygons by lateral compression. 

* Finding the content of solids whose depth or thickness is 
unity is generally termed " gauging areas," because, in such 
cases, the surface and solidity are both represented by the same 
number, l^ and «> being equivalent when I becomes 1. 
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its diameter 21.5; how many gallons will it contain? 
Over 18.78 set 40 ; over 21.5 is 52.37 gallons. 

77. Formula 4. — The depth of a cone is 24 inches, its 
diameter 17 ; how many lbs. of tallow will it hold ? Over 
10.75 set 24 ; over 17 is 60 lbs. 

78. Formula 5. — ^What is the weight of a globe of 
brass 8 inches in diameter ? Over 2.51 set 8 ; over 8 is 
81.2 lbs. 

79. Formula 6. — ^The fixed, or transverse axis, of a 
prolate spheroid is 54 inches, its conjugate 33 ; how many 
bushels will it contain? Over 65.08 set 54; over 33 is 
13.88 bushels. 

80. The fixed, or conjugate diameter of an oblate 
spheroid is 33 inches, its transverse 54; how many bushels 
will it contain? Over 65.08 set 33; over 54 is 22.7 
bushels. 

81. Formula 7. — A cistern in the shape of a rectangulai 
prism, or parallelepiped, is 82 inches long, 54 broad, and 
37.5 deep ; how many gallons will it contain ? To 54 on 
D set 54 of the slide, then under 37.5 is 45, a mean pro- 
portional. Over 16.65 set 82; over 45 is 598} gallons. 

82. Formula 8. — A vessel oblong at top, and tapering 
downward to a point, measures 48 inches by 75; its 
depth is 63 inches ; how many lbs. of hot hard soap will 
it hold? Over 48 of D set 48, then under 75 is 60, a 
mean proportional. Over 9.16 set 63; over 60 is 
2700 lbs. 

83. Formula 9. — ^A prismatic vessel, 10 inches deep, 
whose ends are in the shape of a parabola, measures 80 
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inches along the straight side or doable ordinate, from the 
middle of which to the vertex is 60 inches ; how many 
gallons will it contain? Over 60 set 60, under 80. is 
69.28, a mean. Over 28.84 set 20 (twice depth;) over 
69.28 is 115.4 gallons. 

84. Formula 10. — ^The axes of an elliptic cylinder are 
67 and 52, its depth 50 inches ; how many bushels will 
it contain f Over 52 set 52 ; under 67 is 59, a mean. 
Over 53.14 set 50; over 59 is 61.6 bushels. 

85. Formula 11. — ^The axes of an inverted elliptic cone 
are 16 and 9, the depth 19 inches; how many pints will 
it hold ? Over 16 set 16 ; under 9 is 12, a mean. Over 
11.5 set 19 ; over 12 is 20.6 pints. 

86. Formula 12. — A vessel in the shape of a parabolic 
conoid is 42 inches deep, and the diameter of the top is 
24 inches; what is the content in gallons f Over 18.78 
set 21 (half 42;) over 24 is 34.25 gallons: or by the 
second, over 18.78 set 84 (twice 42) ; then over 12 is 
34.25, as before. 

87. Formula 18. — What is the content, in gallons, of 
a hyperbolic conoid, the diameter at top being 52 inches, 
the diameter in the middle 34, and the depth 25 inches ? 
Over 46 set 25, then- 
Over 52 is 31.9 

Over 68 is 54.6 

86.5 gallons. 

88. Formula 14. — ^What is the content, in gallons, of 
a parabolic spindle, the diameter of which is 28 inches, 
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and length W inches? Over 23 set 70; oyer 28 is 
108.7. Then to 103.7 on A set commencement of slidci 
and over .8 is 82.96 gallons. 

89. Formula 15. — ^The length of a spindle is 20 inches, 
the greatest diameter 6 inches, and the diameter halfway 
between it and the point 4.74 inches ; what is the content 
in cubic inches ? Over 2.76 set 20, then — 

Over 6. is 94. 
Over 9.48 is 235.5 



829.5 cubic inches. 



90. Formula 16. — How many gallons will be contained 
in the frustum of an octagonal pyramid, each side of the 
greater base being 17.5 inches, of the less 14 inches, and 
the perpendicular depth 47 inches ? Over 18.55 set 47, 
then — 

Over 14. is 26.8 
Over 17.5 is 41.8 
Over 31.5 is 135.2 

203.8 gallons. 

91. How many lbs. of hot hard soap will the above 
contain ? 

As polygonal pyramids are not figures of frequent oc- 
currence, it was not deemed necessary to insert gauge 
points for any other quantities than gallons and cubic feet, 
the weight therefore must be determined by a second pro- 
cess, which, since a gallon of water weighs 10 lbs., is ef- 
fected by multiplying the content in gallons by 10 times 
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the specific grayity. Now the specific gravity of hot hard 
soap is shown on the role to be .99, ten times which 
= 9.9. Therefore, to 203.8 on A set commencement of 
slide, then over 9.9 is 2017 lbs. 

92. Formula 17. — The frustum of a cone is 43 inches 
deep, the diameter^ at one end 36, at the other 20 inches; 
how many bushels will it contain ? Over 130.17 set 43, 
then — 

Over 20 is 1.02 
Over 36 is 3.28 
Over 56 is 7.96 

12.26 bushels.* 

93. Formula 18. — ^The diameters of the frustum of a 
paraboloid are 30 and 40 inches, the depth 18 inches ; 
how many gallons will it contain? Over 18.78 set 9 
(half 18,) then- 
Over 30 is 23. 

Over 40 is 40.7 

63.7 gallons.f 

94. Formula 19. — How many bushels will be contained 
in the frustum of a hyperbolic conoid, the top and bottom 

* If the frastums of two equal cones be joined together at their 
greater ends they form a figure called by gaugers a cask of the 
4th variety. 

f If the frustums of two equal paraboloids be joined together 
at their greater ends they form a figure called by gaugers a cask 
of the 8d yariety. 
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diameters of which are 23 and 40 inches, the middle 86 
inches, and depth 20 inches? Over 130.17 set 20, 
then — 

^ Over 23 is .62 

Over 40 is 1.88 

Over 72 is 6.18 

8.63 bushels. 

95. Formula 20. — ^The length of a vessel in the form 
of the middle frustum of a parabolic spindle is 20, the 
greatest diameter 16, and least 12 inches; what is the 
content in gallons? Here twice the difference of the 
diameters = 8 ; therefore, over 32.54 set 20, then — 

Over 12 is 2.72 

Over 16 is 4.83 

4.83 



Over 8 is 1.2, one-tenth of which is 

12.26 gallons.* 
96, Formula 21. — ^The bung diameter of a vessel is 36 
inches, the head 30, twice the diameter taken midway 
between them 67.8 inches, and the length 40 inches ; how 
many gallons will it contain ? Over 46 set 40, then — 
Over 30 is 17, 
Over 36 is 24.5 
Over 67.8 is 86.9 

128.4 gallons. 

* A cask ia the form of the middle fhutam of a parabolic 
spindle is termed by gangers a cask of the 2d variety. 

13 



V Google 



146 A TBXATISE ON A BOX OF 

97. Formula 22. — A vessel in the form of the middle 
firustam of a prolate spheroid is 40 inches long, the bung 
diameter is 36^ and the head 27 inches ; what is the con- 
tent in gallons ? Over 32.54 set 40, then — 

Over 27 is 27.4 
Over 36 is 49. 



125.4 gallons.* 

98. Formula 23. — How many cubic feet are contained 
in the middle zone of a sphere, the axis of which is 44 
inches, and the height of the zone 14 inches? Over 46.9 
set 14, then- 
Over 44 is 12.32 
Over 14 is 1.26, one-third of which == .42 



11.9 bushels. 

99. Formula 24. — What is the content iq gallons of the 
shoulder of a still in the form of the frustum of a sphere, 
the top and bottom diameters being 42 and 36 inches, and 
the height 30 inches ? Over 18.78 set 15 (half 30,) 
then — 

Over 36 is 55 
Over 42 is 75 
Over 30 is 38.8 
+ i = 12.7 

181. gallons. 

* A cask in the form of the middle frustum of a prolate sphe- 
roid is termed b^ f^augers a casj^ pf the 1st variety. 
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100. Formula 25. — A, copper basin in the form of the 
segment of a sphere is 18 inches deep, the diameter across 
the top 40 inches; how many gallons will it contain? 
Over 23 set 18, then- 
Over 18 is 11. 
Over 20 is 13.6 
4- twice ditto = 27.2 

51.8 gallons. 

The content of cylindroids, prismoids, and wedges, is 
found by taking the mean proportionals of the products 
of the top and bottom dimensions, and of the product of 
their sums, making use of the round frustum gauge points 
for the cylindroid, and the square frustum for the prismoid 
and wedge. 

ILLUSTRATION. 

-101. The perpendicular depth of a cylindroid is 52 
inches, the diameters at top 60 and 46, at bottom 42 
inches ; what is the content in bushels ? 
Bottom 42 X ^2, mean proportional between which =42 
Top 60X46 " " =52.54 

Sum 102X88 « " *=94.74 

Over 130.17 set 52, then over 42 = 5.4 

52.54= 8.5 
94.74 = 27.5 

41.4 bushels. 

Beferring to the Table on page 150, the round frustum 
divisor for bushels is 1*6945.74. 
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The namerical solation of this question, therefore, will 
be as follows : — 

Bottom 42 X 42 = 1764 
Top 60 X 46 = 2760 
Sum 102 X 88 = 8976 

13500 
52 



27000 
67500 



16945.74 ) 702000.00 ( 41.426 busheb. 
6778296 

2417040 
1694574 



7224660 
6778296 

4463640 
8389148 

10744920 
10167444 

577476 



For questions 102 and 103 the divisor, as shown on 
page 150, will be 13309.15. 

102. The length and breadth of a coal wagon at top 
are 81 and 55 inches, at bottom 41 and 29 inches ; the 
depth is 47 inches; how many bushels will it contain ? 
Top 81 X55, mean proportional between which =66.8 
Bottom 41x29 « " = 35.5 

Sum 122X84 " « =101.2* 



♦ It muat be observed that, in irregnlar soUds, the mean pro- 
portional of the sum is not the sum of the mean proportionals; 
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Over 115.8 set 47, then over 66.8 = 16.6 

35.5= 4.4 
101.2 = 36.1 



56.1 bushels. 

103. A heap of malt is piled into the form of a wedge, 
24 inches deep, the base is 40 inches long, and 20 broad, 
the edge 20 inches long; how many bushels does it 
contain ? 

Top 20X 

Bottom 30 X20, mean proportional between which =28.28 
Sum 60X20, " " =34.37 

Over 115.3 set 24, then over 28.28 = 1.46 

34.36 = 2.14 



3.6 bushels. 



the former must be taken, not the latter. In pifismoids, also, 
attention most be paid to ikepontion of the sides ; for. the top 
and bottom areas of two prismoids may be the same, and yet 
their middle area, and consequentlj their content, different. 
For, suppose a prismoid to be 12 inches by 10 at top, and 9 
inches by 6 at bottom, the 12 falling over the 9, and the 10 oyer 
the 6 : if now we shift the position of the top parallelogram so 
as to bring the short side oyer the long one of the bottom, then 
the figure becomes distorted, and the content altogether altered. 

In the first it will be — In the second — 

. Bottom 12 X 10 rs 120 Bottom 12 x 10 ss 120 

Top 9x 6= 64 Top 6x «** ^ 

Sum 21xl6ss886 Sum 18x19 = 842 



610 x^;. 616 xi« 



13* 
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Th€ following TahU of DitUort wiU enable tho^ Student to eolve the 


jnreeeding Que$tion» numtrxealljf. The eamefov^uUz apply. 


PUOMUOHM IX 


fi 


8«VAax Bourn. 


BovKD Souoa. 


Cm^HkM 


trim. 


rjmmU. 


fkwtn. 


ejVmlm. 


auiM. 


Com. 


Fraaiaa. 


CvbtolBehM . 


^ 


I, 


8. 


6. 


ijzm 


1.90965 


34197 


7.6394 


CnUalWl . 




1728. 


5184. 


10368. 


2300.16 


830044 


6600.48 


1320040 


Plata. . . 




84.650 


103.978 


207S56 


44.129 


66.194 


132488 


264.776 


OallMU. . 


« 


277.274 


831.83 


1663.64 


853.036 


529404 


10B0.1U6 


21184U 


BulMk . . 




22I&19 


6654.57 


18309.15 


2824J9 


4236.435 


847247 


16945:74 


Hot hard \ 


J9 


28. 


84. 


168. 


85.65 


53.475 


10645 


2134 


14)1 


27.14 


81.42 


162.84 


81.55 


514S2 


10S464 


207427 


Tallow . . 


.915 


80J8 


90.84 


181.68 


88.55 


5743 


11545 


2314 


FUatOlaM 


Ul 


844 


25J3 


51.84 


11. 


164 


S3. 


66k 


Plateditto . 


2.418 


113 


83.9 


67.8 


14.4 


214 


434 


86.4 


natianm . . 


21.45 


1J9 


8l87 


7.74 


1.642 


2.468 


4.927 


9454 


0«M . . 


19 J5 


1.44 


4JB 


8.64 


1.8 


2.75 


54 


11. 


Mer»ai7 . . 


1S.61 


2.0S 


6.09 


12.18 


2.584 


8.877 


7.753 


154 


iist,-.-. 


11J5 


2.44 


7J2 


14.64 


3.11 


4.67 


944 


18.68 


10.58 


2J4 


7.92 


15.84 


8w86 


544 


1046 


20.16 


Ooppar . 


8.81 


8.155 


9.46 


18.92 


4. 


6. 


12. 


24. 


Bnat. . . 


8.41 


8J 


9.91 


19.83 


4J 


64 


12.6 


254 


WtIroii*Bt««l 


7.82 


B.54 


10.62 


21.24 


4.5 


6,75 


134 


27. 


leaftOaapowd. 


7J4 


8.8 


11.41 


22.82 


4.8 


74 


14.44 


28.8 


.fS 


29.81 


89.43 


179.86 


87.94 


6641 


11842 


227.64 


POLTOOKAX. Solids. 




CohtAht m OAxxom. 


Gosmrr ur Cvaic Few. 


IttUEMtaon nr 






IirCHBS. 
















M«u 


TjnmU. 


Ikwtn. 


Wtm. 


TjwmlA. 


rn^mm. 


Trigoaal . . 


640.84 


1921.01 


8842.02 


809044 


1197143 


2394347 


Tttragoaal 


2nJ74 


831.82 


1MS.64 


1728. 


8184. 


10868. 


PvatafotfftI . . 


16L161 


&S 


966.96 


10O4J7 


8013.12 


602643 




106.72 


64082 


OOiill 


U9642 


809044 


ga&f*.-.- 


76J9 


229.17 


456.34 


47542 


142646 


2853.12 


BTAl 


172.27 


84154 


85748 


1073.64 


21«48 




4485 


184Ji6 


209.12 


27943 


83848 


1677.17 




86iB 


108.11 


816.22 


22448 


67375 


184740 




29.6 


88.81 


177.68 


1844 


56841 


1107.02 




84.76 


74J0 


148.6 


U4J4 


463.02 


926.08 


N«meri«al lolaUoA of Qaeptioft 78. ^"^^ ^^ 


n^ ,.. NumoricaliolaUottofQiiirtiDnW. 


Top 14 J —196 
Bottom 17 Jl- 306.25 


Sam 91^-992.25 


TQMLil 
imA X 47- 70MU; and -jjjj- « 20M galloBi. 
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EXAMPLES FOE PRACTICE. 

104. What is the weight of a prism of steel 7 inches 
square^ 15 inches long? — Ans. 207 lbs. 

105. What would be the weight of a pyramid of ice^ 
8 inches square at bottom, and 18^8 inches high ? — Ans. 
9.87 lbs. 

106. A cylindrical glass-pot, 24 inches diameter, is 
charged with fiint glass to the depth of 15 inches: what 
is its weight ? — ^Ans. 785 lbs. 

107. An inverted cone is 23 inches deep, its diameter 
at top 10 inches : what quantity of tallow will it contain ? 
—Ans. 19.8 lbs. 

108. What quantity of gunpowder, shaken down, will 
fill a shell whose internal diameter is 9 inches? — ^Ans. 
12.8 lbs. 

109. The axes of an oblong or prolate spheroid are 6 
and 8 iqches : what quantity of mercury will it contain f 
—Ans. 74.2 lbs. 

110. The axes of an oblate spheroid are 6 and 8 inches : 
what quantity of mercuiy will it contain ?-<^Ans. 99 lbs. 

111. What is the weight of a rectangular block of 
ice, 12 inches by 10 thick, and 80 inches long ?-^Ans. 
121 lbs. 

Hi. The top of an inverted rectangular pyramid mea- 
sures 17 inches by 18 ; its' depth is 44 inches : how many 
gallons of water will it contain, and how many lbs. ?— 
Ans. 11.69 gallons, 116.9 lbs. 
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113. The base of a parabola is 32 inches, its absciss 24 
inches ; the depth i? 1 inch : how many gallons will it 
hold?— Ans. 1.84 gallons. 

114. The diameters of an elliptic cylinder are 25 and 
20 inches, the depth 13 inches : how many gallons will 
it contain? — ^Ans. 18.4 gallons. 

115. An elliptic cone of silver is 10 inches high, the 
diameters at bottom 5 inches by 4 : what is its weight in 
lbs. avoirdnpois? — ^Ans. 19.8 lbs. 

116. A paraboloid of copper is 12 inches high, the 
diameter of the base 8 inches: what is its weight? — 
Ans. 96 lbs. 

117. A vessel in the shape of an hyperboloid is 25 
inches deep, the radius of the top 26, and the middle 
diameter 34 inches : what quantity of cold hard soap will 
it hold?— Ans. 883 lbs» 

118. The length of a parabolic spindle is 32 inches, its 
diameter 10 inches : required the content in gallons -«- 
Ans. 4.83 gallons. 

119. The length of a cast-iron spindle is 20 inches, its 
greatest diameter 9 inches, and the diameter halfway be- 
tween that and the point 6 inches : what is its weight? — 
Ans. 155.8 lbs. 

120. The frustum of a nonagonal pyramid, 25 inches 
deep, measures 9 inches along each side at top, and 12 at 
bottom : how many gallons will it contain ? — ^Ans. 61.8 
gallons. 

121. Suppose a cask to consist of two equal frustums 
of a cone, the length of which is 40 inches, the bung dia- 
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meter 32, and the head 24 : what is the content in gallons? 
By formula 17. — Ans. 89.4 gallons, 4th varxetj. 

122. Suppose a cask, of the same dimensions, to be 
composed of two equal frustums of a paraboloid: re- 
quired the content. By formula 18. — ^Ans. 90.6 gallons, 
8d variety. 

123. Let the cask be the middle frustum of a para- 
bolic spindle, and the dimensions remain the same : what 
is the content? By formula 20. — Ans. 98.2 gallons, 
2d variety. 

124. Let the cask be the middle frustum of a prolate 
spheroid, the dimensions continuing the same : what is 
the content? By formula 22. — Ans. 99.1 gallons, 1st 
variety. 

125. What will be the content of the middle frustum 
of a spindle having the same dimensions, and also the 
diameter halfway between the head and bung 29.6 
inches ? By formula 21. — Ans. 96.45 gallons, true con- 
tent. 

126. Bequired the content in cubic feet of the middle 
frustum of a sphere, the height of which is 24, and the 
least diameter 18 inches. — Ans. 7.72 feet. 

127. Find the content in gallons of the frustum of a 
sphere, the heighl of which is 9 inches, and the radii at 
its ends 14 and 10 inches. — Ans. 16.47 gallons. 

128. What is the weight of the segment of a globe of 
lead, the height of which is 6 inches, and the radius of 
the base 8 inches ? — ^Ans. 293 lbs. 

129. The depth of a cylindroid is 50 inches, the^diame- 
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ten of the elliptie baae are 60 and 44 inches, the diameter 
of the oircalar top 40 inches: required the content in 
gallons. — Ans. 298.3 gallons. 

130. The depth of a prismoid is 50 inches ; the base is 
a parallelogram 60 inches long, 44 broad ; the top is a 
square, the sides of which are each 40 inches : what is^ 
the content in gallons? — ^Ans. 379.8 gallons. 

131. The frustum of a square pyramid is 30 inches 
deep, each of the sides at bottom 36, and at top 25 
inches : what is the content of each of the wedges into 
which a diagonal plane, passing through its extremities, 
divides it ? — Ans. 62.97 gallons, lower hoof or wedge ; 
88.77 ditto, upper ditto. 



Tables VII. and VIII., at thi back of the rule, are 
adapted for the use of the E slide. Table YII. exhibits 
the weight of metallic spheres, commencing thus : — 

J) diameter. E weight. 

Platinum 4 inches = 26 lbs. avoirdupois. 
Gold 6i inches == 100 lbs. 

That is, over 4 on D, set 26 lbs. on E, then the numbers 
on D will be a series of diameteYs, and the numbers over 
them on E their corresponding weights. 

examples. 

182. A sphere of platinum weighs 51 lbs. : what is its 
diameter? — Over 4 set 26 lbs.; under 51 lbs. is 5 inches. 

183. A sphere of silver weighs 7 lbs.: what is its 
diameter ? — Ans. 3.284 inches. 
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134. Bockets receive their names from a comparison 
of the external diameters of their cases with leaden balls : 
what; then^ is the diameter of a 5-pound rocket ? — Ans. 
2.86 inches. 

135. A globe of wrought iron weighs 19.7 lbs. : what 
is its diameter? — ^Ans. 5.1 inches. 

136. A spherical vessel; filled with mercury, holds 258 
lbs. : what is its diameter ? — ^Ans. 10 inches. 

137. Thirteen lbs. of gunpowder fill a shell : what is 
its diameter? — ^Ans. 9.04 inches. 

138. A sphere of brass weighs 81.2 lbs. : what is its 
diameter ? — ^Ans. 8 inches. 



Table VIII. is used precisely like Table YII., and is 
for finding the diameters and circumferences of spheres 
from their solidities; and also the solidities of regular 
bodies, the tetrahedron, &c. 

EXAMPLES. 

139. The solidity of a sphere is 33.6: what is its 
diameter ?— Over 4,6 of D set 51 of E ; under 33.6 is 4. 

140. A globe contains 98.5 solid feet : what is its cir- 
cumference ? — Ans. 18 feet. 

141. The side of a tetrahedron measures 2.2 inches : 
how many cubic inches does it contain? — ^Ans. 1.25 cubic 
inches. 

142. The side of an octahedron measures 3.3 inches : 
how many cubic inches does it contain? — ^Ans. 16.875 
solid inches. 
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143. A dodecahedron, contains 15 onbic feet; wkat in 
the length of each of its sides ? — Ans. 1.25 feet. 

144. The solidity of an icosahedron is 162 : what is 
the IcDgth of each of its sides? — Ans. 4.2. 



SOLAR SYSTEM. 
The conoludiDg part of the tabular work on the rule is 
for the use of the line A in conjunction with that of E. 
According to Kepler's famous discoTeiy^ the squares of 
the periodic times of the planets are proportional to the 
cubes of their mean distances. Now, since the line A is 
laid down twice, and the line E thrice, in the same space, 
when the slide E is laid evenly in, the cubes of the num* 
hers on A will be equal to the squares of the numbers on 
E ; when in any other position, the cubes of the numbers 
on A will be proportional to the squares of the numbers 
on E. Hence, if under 95 millions of miles on A we 
set 365 days, or 52 weeks, or 13 lunar months, or 1 
year, on E; then the numbers on A will be a series of 
planetary distances, and the numbers beneath them on E 
their periods of revolution, in days, weeks, months, or 
years, according as 365, 52, 13, or 1, is selected. 

EXAMPLES. 

145. The distance of Mercury from the sun is 87 mil* 
lions of miles; what is the length of his year? — Under 95 
set 365 ; under 37 is 88 days. 

146. Mars is about 687 days in revolving round the 
sun ; what is his distance ? — ^Ans. 144 millions, 

147. Herschers mean distance is about 1823 niillions 
of miles ; how many years docs he consume in traversipg 
his orbit? — Ans. 83.8 years. 
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148. If a planet revolved in an orbit 20 million miles 
from the sun ; how long would it take in passing round 
him? — Ans. 35 i days. 

149. Suppose the recently discovered planet to be 3,000 
millions of miles distant from the sun ; how many years 
does it take in traversing its orbit ? — ^Ans. 178 years. 

150. The nearest of Saturn's mooAS is 108 thousand 
miles distant from him, and the time of its periodic revo- 
lution about 22f hours ; the second is distant 140 thou- 
sand : what is its periodic revolution ? — ^Under 108 of A 
set 22f of E ; under 140 is 34 hours nearly. 

151. The fourth satellite of Saturn spends 65 hours in 
passing round its primary; required its distance from 
him.— Ans. 217,000 miles. 

The following table will enable the student to solve 
the previous questions numerically : — 

WEIGHT OF UBTAIiIiIC 8PHSBBB. 

Platinum 4 inches diam. =b 26Jb8. av. 

Gold 6.5 ... a 100 

Mercury 8 ... ^ 7 

Lead 7.6 ... = 90 

Silver 4.5 ... =: 18 

Copper 6 ... sss 86 

*' Brass 5.4 ... as 25 

Wt. Iron and Steel 3 ... ' ss 4 

Ct. Iron, Tin, and Zinc 6 ... ss 80 

Ice and Gunpowder ....7 ... =a 6 

SoUditj of Sphere as .6286 d" ^ .01688 e*. 
Solidity of Tetrahedron ss .11785 ^. 

« Octahedron a=s .47140 «*. 

« Dodecahedron s 7.66812 «*. 

« loosahedron s« 2.18169 «*. . 
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Nnmerioal Solution of Question 133. 

Ih. 8 lb. 

18 : 4.5 : : 7 : d^; ot taking the -f^ot each term 

4.5 -^7 
^18 : 4.5 : : ^7 : ' .^ ; which^ multiplying nu- 
merator and denominator by f^lS* = * JTo, — = 
i ^2268 = 3.284: 

Question 148. 
Ai...o^i:...nn.. »g5'X20» 138225x8000 -^.,. 
95« : 365" : : 20« : -^^^ = 857375 = ^^^^ ' 

and ^"1243 = 35.25 days. 



MISCELLANEOUS QUESTIONS. 

152. A triangular pieoe of board, measuring 18 feet in 
perpendicular height, is to be divided equally among 4 
men, by sections parallel to the base : at what distance 
from the Tcrtex must they be cut ? — Similar surfaces yarj 
as their squares ; hence, oyer 18 of D, set 4 shares on C ; 
then under 3 shares is 15.58 feet; under 2 is 12.72^ and 
under 1 is 9 feet. 

153. A circle measures 9 inches in diameter : required 
the diameter of another of twice the area. — Over 9 of J), 
set 1; under 2 is 12.72. 

154. Four men bought a grindstone, 30 inches in dia« 
meter, and agreed that the first should use it till he ground 
down i of it for his share, deducting 6 inches in the mid- 
dle for waste ; then, that the second should use it till he 
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ground down i part^ and so on : what part of the dia- 
meter mnst each grind down ? — ^If Jth of the diameter be 
waste^ ^ih of the content is waste; therefore^ oonceiying 
the whole to contain 25 shares, 1 share will be waste, and 
each man will have 6 shares. Over 6 inches on D, set 1 
share on C; under 7 is 15.87; under 13 is 21.63; under 
19 is 26.15; and under 25 is 30. Subtracting these 
numbers from each succeeding one, we obtain 9.87 inches 
for the fourth; 5.76 for the third; 4.52 for the second; 
and 8.85 for the first. 

155. Three persons haying bought a sugar-loaf, 20 
inches high, it is required to divide it equally among 
them by se<^tions parallel to the base : required the height 
of each part. — Similar solids vary as their cubes, hence 
use the E slide. Over 20 of D, set 8 shares; under ^ is 
17.48 ; under 1 is 18.86. Subtracting from each preced- 
ing, we have 2.52 inches height of lowest part : 3.62 
second; 18.86 third. 

156. A person has a solid globe of wood, 7 inches in 
diameter, and requires another twice the size : required 
its diameter. — Over 7 of D, set 1 of E ; under 2 is 8.82 
inches. 

157. Perceiving a chandelier, suspended from a church 
ceiling, moving slowly backwards and forwards, I observed 
that it made 14 swings per minute : what was the height 
of the ceiling from the floor, supposing the centre of gra- 
vity of the chandelier to be 8 feet from the pavement ? — 
Ans. 68 feet. 

158. A person lent another a cubical rick of hay, mea- 
0aiing 10 feet each way, which he repaid with 3 others 
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of the same shape: what was the measure of eachf— 
Ans. 6.98 feet 

159. Two pipes^ each 2 inches internal diameter, fill a 
cistern in an hour; they are then stopped, and five smaller 
ones are opened at the bottom of the vessel, which they 
empty in the same space of time : what is the diameter 
of these smaller pipes, each being the same 7 — ^Ans. 1.265 



160. The arms of a pair of scales are of unequal length ; 
a quantity of sugar, weighing 19 lbs. in one scale, weighs 
only 16 lbs. in the other : what is its real weight ? Take 
the mean proportional. — Ans. 17.43 lbs. 

161. There is a glass in the shape of a frustum of a 
oone, 6 inches deep; its top diameter is 3 inches, its bot- 
tom 2 ; if I pour water into it till it is ^ full, what will 
be the depth of the liquor ? — ^Ans. 5.12 inches. 

162. Three men bought a tapering piece of timber, 
which was the frustum of a square pyramid: each side of 
the greater end was 3 feet, of the less 1 foot, the length 
was 18 feet : what was the thickness of each man's piece, 
supposing they are to have equal shares? — ^Ans. 8.27, 
4.56, and 10.17 inches. 

163. The sides of a triangle measure 6, 5, and 3 feet; 
it is required to construct another that shall contain 3} 
times as much ; determine the length of the sides. — Ans. 
11.69, 9.75, and 5.85. 

164. The mean distance of Jupiter from the sun is 495 
millions of miles : how many years is this splendid lumi- 
nary in traversing his orbit ? — Ans. 11 J years. 

165. How many gallons will be contained in a oylin- 
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drioal vessel, 18} inches diameter, and 8i deep? — ^Ans. 
8 gallons. 

166. A globe of cast-iron weighs 18 lbs. : what is its 
diameter? — ^Ans. 5.09 inches. 

167. What is the diameter of a silver sphere, weighing 
26 lbs. avoirdupois ? — ^Ans. 5.02 inches. 

168. Seven men bought a grindstone, a yard in dia- 
meter, for a gunea; they paid 8«. each, and agreed to 
grind down their separate portions in succession : what 
was the diameter of the stone when each began to grind ? 
— Ans. 86, 33.3, 30.4, 27.2, 23.57, 19.24, and 13.6 
inches. 

169. There are two similar cylinders; the length of 
the one is 8 inches, and its diameter 4 ; the other is 2^ 
times the size : determine its length and diameter. — ^Ans. 
Length 11.28, diameter 5.64. 

170. Two spheres of brass are to each other in the pro- 
portion of 5 to 7; if the larger measures 12 inches round, 
what is the circumference of the smaller ? — Ans. 10.72. 

171. Five men bought a grindstone 16 inches in dia- 
meter, for 15«. A pays 1«., B 2«., 3«., D 4«., and E 5«. ; 
each man is to grind down his portion in succession, com- 
mencing with A, and ending with E, who is to leave 4 
inches unground : what is the diameter as each begins to 
grind?— Ans. 16, 15.49, 14.42, 12.65, 9.8. 

172. The frustum of a pentagonal pyramid measures 
10 inches along each side at top, and 15 at bottom, and 
the depth is 20 inches ; if I put into it a solid globe of 
wrought iron, weighing 108 lbs., and then pour in 12 
gallons of water : what depth of the vessel will remain 
unfilled 7 — ^Ans. 8.28 inches. 
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173. A globe of wood, 10 inches diameter, suspended 
in a lathe, was turned down into smaller globes, hj 4 men 
soooessiyelj, each chipping off an equal portion : what 
was the diameter when each began, supposing the last 
left a globe of 2 inches diameter f — ^Ans. 10^ 9.09, 7.96, 
and 6.35. 

174. If into a soap-bubbfe 3| inches diameter, I blow 
I of a pint of air, what will then be its circumference ? — 
Ans. 14.49 inches. 

175. One evening I chanced with a tinker to sit, 

Whose tongue ran a great deal too fast for his wit. 
He talked of his art with abundance of mettle. 
So I asked him to make me a flat-bottom'd kettle. 
Let the top and the bottom diameters be 
In just such proportion as five are to three. 
Twelve inches the depth I proposed, and no more; 
And of gallons to hold seven-tenths of a score. 
He promised to do it, and straight to work went^ 
Oot right the proportions, but wrong the content. 
He altered it then, and the quantity found 
Correct, but the top measured far too much round ; 
Till, making it either too big, or too little, 
The tinker, at last, had quite spoiFd his fine kettle. 
But he vows he will bring his said promise to pass^ 
Or else that he'll waste every ounce of his brass. 
So to save him from ruin, kind friend, find him out 
The diameters' length, foi* he'll ne'er do it, I doubt 
Ans. 15.06 bottom, 22.1 top. 
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CASK GAUGING. 

It has been stated, that casks are usually gauged by 
eonsideriug them under four varieties ; and questions 121, 
122, 123, 124, show the content of a cask of given dimen- 
sions under these four varieties, in which it will be seen 
that there is a variation of 10 gallons, according to the 
different form under which the cask is viewed. By con- 
sidering the vessel as part of a prolate spheroid, we shall 
have the content too great; for no cask is so much curved 
towards the head as this would make it. The middle' 
frustum of a parabolic spindle approaches nearer to the 
shape of casks in general. Two frustums of a paraboloid 
leave too sharp a ridge in the middle ; and the frustums 
of two cones give the content far too small, ^nd would, in 
themselves, make a ridiculous kind of barrel. The gene- 
rality of casks seem to be a compound of the first and 
fourth varieties, the bung part being spheroidal, and the 
extremities conical. If, in addition to the bung and head, 
we take the diameter halfway between the two^ then the 
true content is readily found by the general rule for frus- 
tums ; but, as in practice^ except with open casks, it is a 
somewhat tedious process to obtain this middle diameter 
perfectly correct, without which it is useless, since, by the 
nature of the formula, the content is made to depend 
upon it in 2k fourfold measure; and as the determining to 
which of the varieties any given cask makes the nearest 
approach, is a work requiring much skill and judgmenl^ 
vanoos writers have, from time to time, att^npted to dis- 
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oorer a role that shall be an a{^iroziination for all oasks. 
Dr. Hutton'Sy for thb pmpofle, is represented hj the for- 
mnla / (39 B« + 25 H* + 26 HB) .000031473. This, 
besides being very laborious, generally gives the content 
too small. By considering the bong diameter as the prin- 
cipal regolator, and by combining the formnlsB for sphe- 
roidal and conic fimstams, we shall arrive at a method 
which never can he far from the tmth, and is of the 
easiest application possible, as it may be pat under the 
following form, with a whole number for a gauge point, a 
desideratum in all cases with the slide-rule. 

^(H«+2.B«) 
33« ' 
that is, over 33 on D set the length ; then the number 
over the head plus twice the number over the bung, is 
the content in gallons. For computation, the formula is 
equally simple and easy. 

?(H«+2.B») .000919. 

EXAMPLE. 

176. A cask measures 47 inches long; the head diame- 
ter is 26, and the bung 31 inches : required the content. 

Over 33 set 47; then 

over 26 = 29.2 

31 = 41.5 

41.5 

112.2 gallons. 
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Numerioallj, 26«= 676 

31«=961 

961 

2598 X 47 X .000919 = 112.2 
gallons. 

This is an example of a cask whose middle diameter 
was found to be 29.3 as nearly as possible^ the content of 
which in gallons, bj formula 21, will be 



?(H«+B»+2ml') 



46« 
Over 46 place 47 ; then 

over 26. =15. 
31. =21.4 
58.6 = 76.1 

. 112.5 

The same formula, arranged for numerical computa- 
Uon, is 

I (H« + B« + 2^») .0004721.* 

Example, 26« = 676 
31« = 961 
58.6«= 3433.96 



5070.96X47 X.0004721= 112.51 
gallons, true content. 



* .0004721 is the reciprocal of the round fnistom diyisor for 
gallons. 



y Google 



166 A nsAxisB ON A BOX or 

By Dr. Hutton's Bal^^ the content will be— 
89 X31« = 37479 
25X26" = 16900 
26X26X31 =20956 

75386 X47 X .000031473 = 111.42 
gallons. 

The following Table contains 50 casks that were care- 
Aillj gauged while empty, and their contents subse- 
quentlj tested by actual measurement with water. A 
great portion are taken from Dr. Hutton's works, some 
from Nesbit and Little's gauging, some from Todd's 
Manual, and the rest have come under my own obserw 
tion. They will serve as exercises for the student, and 
show the value an^ efficiency of the rule I have proposed. 
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1 


28.8 


23.2 


27.7 


62.6 


6441 


68J»1 


68.01 


2 


20.8 


22.2 


26. 


40.6 


61M 


60A1 


60.62 


8 


80.8 


28.2 


27 JS 


62.2 


68.44 


67.78 


68.10 


4 


82.2 


24.6 


80.1 


66.8 


71.04 


70.61 


71.88 


5 


80. 


24.7 


20.2 


66.2 


68.87 


68.40 


68.80 


6 


82.6 


23.8 


28.2 


68.6 


64.07 


64.12 


64.51 


7 


84.8 


26.8 


3&6 


62.2 


02.02 


00.78 


02^ 


8 


84.6 


26.4 


83. 


61.4 


00.40 


80.71 


01.01 


9 


41. 


26^8 


82.2 


60.4 


104.07 


102.41 


10410 


10 


87. 


26.1 


81.8 


60.8 


02.08 


00.80 


01.86 


H 


44.6 


84.4 


40.8 


77.6 


186.84 


183.61 


184.68 


12 


47. 


26.8 


33.8 


62.8 


128.2 


125.82 


128.2 


18 


84.2 


27.2 


83.8 


62.8 


04.07 


08.21 


04.« 


U 


47. 


26.3 


82. 


60.4 


115.21 


118.02 


116. 


16 


46.6 


80.7 


88. 


71. 


160.64 


167.01 


160.66 


16 


446 


24.7 


82.2 


60.2 


108.47 


107.12 


100.82 


17 


48.6 


24.2 


821 


68.8 


116.40 


114.78 


U7.61 


18 


46. 


26.7 


84.7 


68.4 


127.78 


125.11 


120.82 


10 


48.8 


24J2 


82.1 


68.8 


116.88 


116.28 


118.21 


20 


61.2 


23.8 


81. 


66.4 


113.24 


112.68 


116J08* 


21 


48. 


28.2 


83.8 


62.8 


138.28 


182.03 


186.87* 


22 


61.6 


86w6 


41.6 


70.2 


227.60 


228 J&2 


227.62 


23 


67. 


82.7 


42. 


78.2 


240.8 


235.43 


240.81 


24 


64. 


84.8 


44.8 


88. 


257.66 


253.41 


260.22 


25 


46.6 


28. 


34.6 


64.8 


133.04 


181.87 


12SM 


26 


46. 


27. 


36. 


66. 


136.66 


183.26 


187.12 


27 


46.7 


24.6 


SOA 


68. 


108.66 


106.00 


107.83 


28 


82.6 


21.4 


26.2 


40.6 


55.31 


63.87 


64.66 


20 


27.7 


10.6 


23.4 


44.2 


37.73. 


87 J» 


87.66 


80 


42. 


28. 


86. 


66.4 


124.64 


122.81 


124.62 


81 


60. , 


26. 


32. 


60.2 


125.67 


123.16 


126.2 


82 


66. 


62. 


62. , 


116.6 


627.63 


627.21 


6ao.8i* 


83 


60. 


36. 


45. 


84. 


203.03 


200.11 


204.72 


84 


68 J& 


40J 


40.8 


03. 


851.76 


840.42 


852.10 


86 


60. 


40. 


50. 


03.2 


362.17 


868.16 


363.76 


86 


44U> 


34.4 


40.8 


77.2 


185.04 


183.62 


184.64 


87 


86.6 


80. 


36. 


68. 


114.3 


112.07 


118.03 


38 


40.6 


23.3 


81.7 


68.6 


116.41 


112.18 


11618 


80 


40. 


80. 


86. 


67.8 


128.38 


127.82 


128.36 


40 


60. 


23. 


81. 


67.4 


112.94 


108.78 


112.62 


41 


64. 


80. 


46. 


86. 


278.96 


276.81 


276.46 


42 


61. 


23.6 


81.6 


68.4 


110.3 


115.21 


118.01 


43 


80.6 


20.4 


36J> 


67. 


123.64 


121.02 


123.28 


44 


90.6 


80. 


36.7 


60.2 


131.2 


128.87 


180.46 


46 


40.6 


20.8 


86.6 


67. 


126.9 


126.06 


126.86 


46 


41.6 


80. 


87. 


60.6 


139.36 


186.72 


138.76 


47 


61. 


28.7 


SIA 


60.4 


122.08 


117.73 


121.72 


48 


48. 


26.2 


33^ 


61.8 


126.22 


.122.78 


126.4 


40 


66.4 


32.8 


41.2 


76.4 


230.63 


225J21 


230.08 


60 


46.8 


28.2 


84.0 


65.2 
Tbtal 


184.12 


182.66 


18462 


7416JL2 


7812.05 


7428.04 
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In 47 oat of the 50^ the rale I have proposed agrees 
nearest with the trath; in the three marked with an 
asterisk, Dr. Button's eomes nearer. The total error by 
his is 103 gallons ; by mine, 8 gallons. In setting down 
the dimensions, the most concise way will be to place the 
length on the left hand, with a brace between it and the 
diameters, recollecting that 33 is the gauge point, when 
three dimensions are used; and 46, when foi^ dimen- 
sions are taken. 

IXAlfPLE. 

177. The length of a cask is 40 inches, the head 30, 
the bung 36, and twice the middle 67.8 inches : required 
the content. 

By Proposed Rule, for 3 dimensions, 
.ft J 80 = 83.05 
*" 1 36 =47.6 
47.7* 



128.35 gallons. 



By General Bule for 4 dimensions. 

= 17. 
40^36 =24.5 

:86.9 



r30 =: 

)J36 =! 
(67.8 = 1 



128.4 gallons. 

The dimensions of casks are taken most readily with 
the long and cross callipers, and the bung and head rods. 

* If, as in this case, the number found standing over the bung 
diameter appear to be more than 47.6, and less than 47.7, set 
down both, as abore. 
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When these are not at hand^ their place may be supplied 
as follows : — 

Procure a straight piece of deal^ 
about f of an inch square, and 6 
feet long, for a measuring-rod; 
and, with a camel's-hair pencil an<f 
Indian ink, divide it into inches 
and tenths. Take another piece, 
AB, an inch square, and about 
4 feet long ; and near one end, as 
at a, cut a notch, and 2 inches from it, 5, make a mark, 
and place a cipher 0. Then divide the distance from h 
to the end B into inches and tenths. Also procure two 
pieces of string, each with loops at one end, and heavy 
plummets of lead at the other. Before tying the loop, on 
one of the strings slip 3 pieces of cork, e, v, z^ about \ of 
an inch thick, and \ of an inch square. Then, 

To take the Din^emians of a ttandtng Cask. 
With a piece of string and chalk, by problem 2, page 20, 
strike a line across the middle of the head of the cask ; 
lay the rod AB oyer this line, and bring the plummet 
depending from a up to the bulge of the cask. Then slip 
the other plummet along to e, till it touches the cask in like 
manner. The number now cut by c will be the intertial 
bung diameter 0, the distance a5, of 2 inches, being an 
allowance for twice the thickness of the staves. With 
the measuring rod take the distance from y (the under side 
of the rod AB) to the ground / Also the distance from o 
(the upper side of the rod) to n, the head of the barrel. 
Then ^{/'minus twice on, will be the internal length of the 
cask| the thickness of the square rod, AB, being supposed 
u 
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equal to the tkiekness of the head of the cask^ which is 
generally 1 inch. To take the middle diameter D, slip 
the top cork up to e^ till the distance ye is equal to on. 
The length of the cask being known, slip the second cork 
down to Vf the distance ev being i of the length ; in the 
same manner adjust the cork Zy if deemed iiecessary. 
Then add together the distances vv, zz, and subtract their 
sum from the bung diameter, or deduct twice the dis- 
tance vv, if the curve of the cask be uniform; the 
remainder will be the middle diameter, D. In the same 
way might a diameter be taken halfway between D and 0. 
The oblique line sx, measured from the inside of the 
chimb to the outermost sloped edge of the opposite stayoi 
will be the internal head diameter; or twice the distance 
at e may be deducted from the bung. If only three 
dimensions are taken, the corks may be dispensed with; 
but in ullaging standing casks, they will be found ex- 
tremely convenient. 

For taking the dimensions of lying casks, a common 
pair of callipers may be made by any carpenter, as annexed. 
tfj» k e. ■ ^s ^ khcy efqy are precisely like 



GE3qp 



a carpenter's square. The 
arms hkj ef^ may be an inch 
3<^ AUjaf square, and 2 feet 6 inches 

long; the blades hc^fqy about \ of an inch thick, and an 
inch broad. At c and ^ two pieces are fixed at right 
angles, the distance cd being 4 inches. In the face of the 
arm Hk^ let a groove be ploughed and worked under with 
a side tool, to a dove-tailed shape, like the section shown 
at m. The under side of the arm «/ is to be cut to match 
it like the section shown at n. The arm ef will now slide 
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along the arm &^ J in fact, it would be preferable if it were 
cut like a slide-rule, but carpenters have not tools for 
effecting this. One inch from a (which is opposite to d) 
make a mark, and place a cipher 0. Then from to A; 
will be 25 inches ; divide this into inches and tenths, and 
number it from towards k. On the arm ef at the point 
opposite to h make a mark, and 1 inch from it toward e 
place 25 ; ihen divide the space from 25 to e into inches 
and tenths, and number them backward. When this arm 
is made to slide in the other, and drawn out to measure 
the length or bung diameter, the number standing oppo- 
site the end k will denote such length or bung diameter. 

To find the content of a large circular vessel, that ap- 
pears to bulge irregularly, bj an odd number of equidis- 
tant diameters. 

178. Let the vessel be the cask on page 169, and let 
there be taken 9 diameters, commencing with the head, 
level with e, and proceeding with one between that and D, 
down to the bottom, which suppose to be 80, 83, 86, 88, 
90, 89, 87, 84, and 81 inches, and the depth of the vessel 
96 inches, consequently, the common distance of the dia- 
meters 12 inches. 

Place in a line the letters a^ 46* 2o' 

Under oc^ place the square of the first or top diameter; 
under 4e' the square of the second diameter; under 2o>" 
the square of' the third diameter; under 46* the square of 
the fourth diameter ; and so on, alternately, to the last, 
the square of which place under a:", along with the other 
extreme. Add together the three columns separately, 
and multiply that under 4e^ by 4 ; and that under 2o* 
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by 2. Add the three tc^ther, multiply by the common 
intemly and diyide by the cone diyiaor. 

XXABfPLX. 

a^ 4«" 2o» 

6400 6880 7396 

6661 7744 8100 

7921 7669 

12961 7066 



29610 
4 

118440 
46130 
12961 



46130 



17768lXl2-^.1069.10&=2011}ganonB. 

This, it will be seen^ is merely a modification of the 
general rule for frustums. For, let the diameters, taken 
in order, be a, h, c, d, e, &c. Then, taking three at a 
time, we have a« + 46«+c«; c« + 4c? + «"3 c» + 4/» 
+ ^, &o.; that is, a« + 46« + 2c» + 4<i» + 2c« + 4/* 
-f-^i namely, the square of the extremes, plus 4 times 
the square, of the even diameters, plus twice the square of 
the remaining odd diameters. By the slide-rule the con- 
tent may be found by taking it as three successive 'frus- 
tums. The same rule obviously applies to the uUaging 
of a standing cask. 

EXAMPLE. 

179. The depth of liquor, in a cask partly filled, is 20 
inches; five equidistant diameters, measured from the sur- 
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face downward, are 28, 27, 26, 24, and 22 inches : re- 
quired the content. 



afi 


4e« 

729 
676 


2o» 


784 
484 


676 
2 


m8 


1305 
4 

6220 
1268 
1352 


1852 




7840 X 5 


■^ 1059.1 



For nllaging a lying cask, the following rule may be 
employed. 

From 10 times the wet inches, subtract the bung ; mul- 
tiply the remainder by the content, and divide by 8 times 
the bung; the quotient gives the liquor in the cask ; t. e. 

,, (10W~-B)C 
^— 8B 

To find the content of vessels whose bases are nearly of 
an elliptical form, proceed for the area of the base as di- 
rected on page 129, and (after multiplying by tho com- 
mon-distance of the ordinates,) instead of dividing by 3, 
multiply by the depth of the vessel, and divide by the 
piframtd divisors, these being equal to 8 times the prism 
divisors. If the vessel also bulge up tho sides, take an 
odd number of equidistant areas, and proceed as in the last 
example. And thus may any solid be measured ; always 
observing, that when equidistant areas are taken, the j;>yra- 
mid divisors must be employed ; and when the squartB of 

16* 
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equdiftaat diameter* are naed, this cone divisors must be 
adeotedi for the obvious reason that thrice the latter re- 
duoe squares to circles. 



TIMBER MEASURE. 

To find the saperficial content of a plank. 

Take the length in feet, and the breadth in inches; 
then divide (by 12) the product of the dimensions. If 
the board tapers regularly, take half the sum of the end 
breadths for the mean breadth. 

XXAMPLB. 

180. A plank 16 feet 6 inches long, is 10 inches broad 
at one end, and 18 at the other : what is the content ? — « 
Here 14 is the mean breadth. Then to 12 of A set 16i, 
and under 14 is 19 i square feet* 

* It is much to be regretted that the foot is not dirided jnto 
100 equal parts instead of 96, as at present The mode of work- 
ing duodecimals, though simple enough in itself, often leads to 
eonftision, from the singular names given to the result Thns, 
a piece of wood measures 9 feet 5 inches by 8 feet 8 inches, which 
multiplied together, according to the prescribed rules, gives 
what are called 34 feet 6 mchet and 4 parti. Now, these inches, 
as they are termed, are merely twelfths of a ntperfieial foot ; and 
these parts, twelfths of such twelfths ; that is, duodecimal frac- 
tions, each number decreasing in a twelvefold proportion from 
left to right, as decimal fractions decrease in a tenfold propor- 
tion. The name of inches, given to the 6, conveys no kind of 
idea ; for they are neither inches nor feet, but a' mixture of the 
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To find the content of hewn or four-sided timber. 

Take the length in feet, the breadth and thickness in 
inches. Find a mean proportional between the breadth 
and thickness; then divide (by 12') the length multiplied 
by the sqoare of the mean proportional. If the tree 
tapers regularly from end to end, find the mean pro« 
portional between the mean breadth and thickness. 

EXAMPLE. 

181. A log of wood is 23 feet 6 inches long, 15 inches 
thick, and 22 broad : required the content. — Over 15 of 
D set 15, and under 22 is 18.17, a mean ; then over 12 of 
D set 23}, and over 18.17 is 53| solid feet. 

182. The length of a piece of timber is 23.8 feet; the 
breadth at the greater end is 20.18 inches, at the less 
16.42 inches; the thickness at the greater end is 14.12 
inches, at the less 10.48 inches : required the content. — 
Here 20.18 + 16.42 = 36.6, the half of which = 18.3 the 

two, the content being, in reality, 84 square feet, together with 
another piece, 1 foot long and 6 inches broad ; and another, 1 
foot long, and ^^ of an inch broad ; a square foot, in fact, being 
the inUger, and the others successive twelfths. For the car- 
penter the present nomenclature answers well enough, as he 
perfectly understands that it is a trifle more than 84 feet and a 
half, which is sufficient for his purpose. But a misconception 
of the jTrtnctjpje of duodecimals, carried out by unskilful people, 
has led to the wildest confusion ; for even in some works on 
arithmetic, designed for the msiruetum of the young, occurs the 
unimaginable problem of multiplying half-a-crown by half-a- 
crown ; the result of which notable achievement is stated to be 
6«.8if. 
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mean breadth; also^ 14.12 + 10.48 = 24.6, the half of 
which r= 12.3. Over 12.3 of D set 12.8, and under 18.3 
18 16, a mean proportional : then, over 12 of D eet 23.8, 
and over 15 ia 37.2. 

To find the content of round timber. Take the length 
in feet, and the girt in inches : then divide (by 12*) the 
length multiplied by the square of the quarter girt. 



XXABIPLE. 

183. Bequired the content of a tree 48 feet long, the 
girts at the ends being 60 and 18 inches.-^Here 39 is the 
mean girt, i of which = 9.75. Then, over 12 of D set 
48, and oyer 9.75 is 31.7 feet nearly. 

The above rule gives only about j^ of the true content, 
but is adopted in j^ractice, as it compensates the purchaser 
for the waste of timber occasioned by squaring it. The 
following rule gives the true content very nearly. Divide 
(by 12') twice the length, multiplied by the square^ of i 
of the girt. 

XXABCPLE. 

184. Bequired the content of the last-mentioned tree. — 
Here f of 39 == 7.8. Hence, over 12 of D set 96 (twice 
the length) and over 7.8 is 40.56 cubic feet. 

But neither this, nor the rule for squared timber, is 
quite correct, if the tree tapers, but is sufficiently so for 
all practical purposes. 
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LAND SURVEYING. 




Dm = 180 
Bn =208 





C 
543 

A 






A 

244 
D 






422 





• 
83 





800 
136 

82 

B 





86 
82 




B 

384 
208 

92 

A 





Set np poles at A, B, C, and D, so that; standing at A^ 
you can see B and D^ the end of the sides vhose meeting 
forms the angle : and so of the others. And suppose the 
hedge to run on stnught, or nearly so, from A to a, then to 
bend and run on straight to c, and so on. Form a field- 
book, as on the right of the diagram, by ruling two lines 
down the middle of a page; and, in using this, begin at 
the bottom and write upward, placing the main lines in 
the middle, and the offsets right or left, as they are on the 
right or left of the line measured. Then, suppose you 
commence surveying at A ; let your atteodaut lead the 
chain toward B ; and when he gets it extended, see that 
lie is in a straight line between yourself and B, directing 
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him by a wave of the hand, right or left, according as you 
wiah him to move to one side, or the other. His portion 
being oorrectj he is to place an arrow in the ground, and 
walk on till the chain is again extended, when he places 
another arrow, while you take up the first; and so proceed. 
But when you arrive at 5, opposite to a, measure a&, (at 
right angles to AB,) with an offset staff, which may be a 
thin piece of deal 10 links long. Now, suppose from A 
to by 92 links, and ah 82 links ; place the 92 in the middle 
column over A, and 82 on the left hand of it ; and so pro- 
ceed till yon arrive at the end of B, which suppose 384 ; 
set this down in the field-book, and over it place the letter 
B, and above this draw a line across the page. The A 
being placed at the bottom, and B at the top, shows that 
the intervening numbers are the measures of the AB line. 
Proceed with the rest in like manner, making the circuit 
of the field, and returning to A. Then from A, measure 
the diagonal AC. With these dimensions plot the field 
from a scale of equal parts, (feather-edged plotting scales 
are best for this purpose,) and drop the perpendiculars 
Dm, Bn, and from the scale ascertain their lengths. These 
are set down underneath the diagram, as they are not sup- 
posed to have been measured in the field ; but if a cross 
staff, or theodolite, be employed, they are to be taken 
while proceeding along the diagonal, and set down in the 
field-book, like offsets, and then the sides AD, DO will 
not require measuring, supposing there are no offsets on 
them. — ^To find the area. Add together Dm, Bn, and 
multiply their sum by AC. For the offsets; for the tri- 
angle A ahf multiply A6 by ha. For the succeeding 
trapezoid, add together ah, cd, and multiply by hd; and 
so proceed. Then, as, in all these cases, this gives doable 
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the area, add the whole together, halye the sum, and di- 
vide by the number of links in an acre, viz. 100,000, (that 
is, point off the 5 right-hand figures,) and the content is 
in acres and decimal parts; the latter of which being 
multiplied by 4 and 40, (which need not be set down,) 
gives the roods and poles. In taking the distances from < 
the field-book, the numbers up the middle column, 92, 
208, &c., have to be subtracted from each succeeding, and 
the offsets, 0, 32, 36, &c., to be added together in pairs. 
The work will stand thus : — 

210684 
2944 
7888 
6886 
4488 



180 
208 


92 
82 


116 

68 


176 
36 


186 
83 


888 
548 


194 
276 


928 
696 


1056 
528 


408 
408 


1164 
1552 
1940 


2944 


7888 


6386 


4488 


210684 





2)282840 

1.16170 

.64680 

25.8720 



Content, 1 acre 25 poles. 
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TRIGONOMETRY AND NAVIGATION- 



Ths trigonometrical slide is a slide containing the loga- 
rithmic sines and tangents^ the former of which work to 
the line D, and the latter to the line A, which lines, as 
before explained, are also logarithmic. But it is to be 
recollected, that it is the distances only that are loga- 
rithmic, not the numbers ; hence, when the slide is laid 
evenly in, then the numbers on A are the natural tan- 
gents, and the numbers on D the natural sines of the 
degrees marked on the slide : when in any other position 
they are proportional to the natural sines and tangents of 
those degrees ; and, therefore, if we set the first term of 
a proportion oyer or under the second, then the third will 
stand OTcr or under the fourth, the fifth over or under the 
sixth, and so on. In making use of the tangent line, 
three points may be taken as radius, either the beginning, 
middle, or end of the slide; but the middle point, 
marked 45^, will in practice be most convenient. In 
using the sine slide, two points may be taken as radius, 
either the beginning or the end of the slide, as may be 
found necessary for preventing the numbers from over- 
running. Having already given several questions under 
the sector, and Navigation being only an application of 
Trigonometry, it will be sufficient here. to show the modo 
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of working an example or two with the slide-rule, whiek 
the student will find infinitely superior for the purpose. 
Take the tower at page 68. By the sine line,, sin. 42} : 
200 : : sin. 47} : height, 

sin. 42} sin. 47} ,, . 

Under 42} of the sines bring 200; then under 47} is 
218.2, the height. 

By the tangent line, making AO radius— 

Bad. or tan. 45'' : 200 : : tan. 47} : height; 



or 



200 _ height 
tan. 45 "^ tan. 47}' * 



OTer 45 of the tangents iset 200 ; then oyer 47} is 218.2, 
the height, (as before.) 



IS 
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NAVIGATION. 



i 


ii 








1 


i 




■ 00 

H 
OQ 


i 


QQ 

W 
OQ 


i 


& 


t^t^t^l* 


arsi?* 


lOiOiOiO 


*^r*^ 


i 

a 

1 


11 


ssss 


JSggS 






1 


1 




SS2g5 






|| 


a 

•i 




i-H i-« rHC^ 


e^e^c^eo 


«.ss«r^ 


3 

i 


1 


QQ 


1 


od 

^- 
Si 


sd 


O 
OQ 


1 


5Z5 




iz; 
id 


H 

is' 


1 



y Google 



INSTRUMENTS AND THE SLIDE-BULE. 188 

PLANE SAILING. 

Plane sailing supposes the earth to be a plane^ the meri- 
dians parallel to each other, and the lengths of degrees 
everywhere equal; and involves the consideration of four 
quantities, difference of latitude, nautical distance, de- 
partui^, and course. Let K (diagram p. 48, disregarding 
the circle,) denote a point on the earth's surface, and KC 
its meridian. Draw a line from K to A, and suppose a 
ship to sail along it from K till she arrive at A ; then K A 
will be the distance sailed ; DA^ the departure from the 
meridian ; KB, the difference of latitude ; and the angle 
DKA, contained between the meridian and the rhumb 
sailed on, the course. The difference of latitude is thus 
represented by a vertical line, the departure by a horizontal 
one, the distance by the hypothenusal line forming with 
the other two a right-angled triangle, and the course by 
the angle included between the difference of latitude and 
the distance. Then, if we make distance radius, the de- 
parture becomes the sine, and the difference of latitude the 
cosine, of the course ; or, if diff. lat. be made radius, de- 
parture becomes the tangent of the course. 

EXAMPLES. 

1. A ship sails 38'^ S., 255 miles W. : required the diff. 
of lat. and departure. Complement of 38® = 52®, then — 

Sin. 90 : 255 : : sin. 52® : diff. lat. : : sin. 38® : dep. 
Under 90 of the sines set 255 ; then — 

Under 52® is 201 miles, diff. lat. 
and under 38® is 157 miles, departure. 
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2. A sbip sails from lat. W ^V N. between S. and E. 
till she has made 64 miles of easting, and is then found 
to be in lat. 42^ 56' N. : required the course and distance. 

44*^ 60' 
42 56 



1 54 = U4miles, diff. kt. 



As 114 : rad. : : 64 : tan. of course. 
Under 114 set 45^ of the tangents^ then under 64 is 
29'' 20', the course. 

Again, sin. 29" 20^ : 64 : : sin. 90'' : dist. 

Under 29® 20' set 64, then under 90** is 130.6 miles, 
distance. 

3. A ship in lat. 45® 25' N. sails N.Kb.N. } E. tiU she 
comes to 46® 55' N. : required the distance and departure. 
N.E.b.N. J E. == 39® 22}', comp. of which = 50® 37}'. 

46® 55' 
45 25 



1 30 =90 miles, diff. lat. 



Sin. 50®37i' : 90 miles : : sin. 39® 22}' : 73.8 miles de- 
parture : : sin. 90® : 116.4, distance.* 

* As the learner is supposed by this time to be familiar with 
the mode of operation, it will be sufficient for the future to indi- 
cate the proportion, without repeating the directions for setting 
the slide. Thus, in the above instance, under 60^ 87}' set 90 
miles, then under SS® 22}' will be 78.8, and under 90<» will be 
116.4 miles; and so of all others. When the word rad. occurs 
as the first or second term, before adjusting the slide run the 
eye along the proportion to see if the word sin. or tan. follows. 
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EXAIIPLES FOB PBAOTIOE. 

4. A ship sails from lat. 56^ 50' N. on a rhumb be- 
tween S. and S. W. 126 miles^ and is then found to be in 
lat. 55^ 40' : required the course she sailed, and her de- 
parture from the meridian. — ^Ans. Course, 56^15'; 
departure, 104.8 miles. 

5. A ship in lat. 44^ 50' N. sails S. 29^ 20' E. 130.8 
miles : required diff. lat. and departure. — ^Ans. 64 dep. : 
114diff.lat. 

6. A ship in lat. 45** 25' N. saUs N.E.b.N. } E. 116.4 
miles : required dep., diff. lat., and latitude come to. — 
Ans. 74 dep. } 90 miles, or 1** SO' diff. lat ; and 46° 55' N. 
lat. come to. 

7. A ship at sea sails from lat. 34° 24' N. between N. 
and W. 124 miles, and is found to have made 86 miles 
of westing : required the course steered) and diff. of lat., 
or northing made good. — ^Ans. Course, 43° 54' ; diff. lat. 
P29'; 35° 53' N. lat. come to. 

8. A ship in lat. 24° 80' S. sails S.E.b.S. till she has 
made 96 miles of easting : required the distance sailed, 
and diff. of lat. made good. — Ans. Diff. lat. 148.7; dis- 
tance, 172.8 ; ]&t come to, 26° .54' S. 



and use the tone or tangent line accordingly. And in eyery 
case it will be advisable for the beginner to construct a diagram, 
as nothing tends so much to make the operation perfectly un- 
derstood ; and what is thoroughly understood at the commence- 
ment is seldom afterwards forgotten. 
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TRAVERSE SAILING. 

When a ship sails upon seyeral courses, the sigzag line 
she describes is called a traverse ; and the reducing the 
courses into one, and thereby finding the course and dis- 
tance made good upon the whole, is called the resolving 
of the traverse. For this purpose, construct a table of six 
columns, in the first of which is the course, and in the 
second the distance ; then find the diff. lat. and dep. for 
each course, and enter it N. or S., E. or W., as it may be. 
Add up the columns separately ; the difference of the third 
and fourth will give the diff. of lat., and the diff. of the 
fifth and sixth, the departure. Then, having obtained 
the total diff. lat. and dep. which the ship has made, find 
the corresponding course and distance. 

EXAMPLE. 

9. A ship from the equator sails N. 48, W. 37, N.W. 18, 
N.E. 70, N.N.E. 24, and E. 32 miles : required her 
course, distance, and latitude reached. 



Coarse. 


IHst. 


Diff. 


Lat 


Dep. 


N. 


S. 


E. 


W. 


N. 


48 


48 


_ 


^_ 


^^ 


W. 


87 


— ■ 


, — 


— . 


87 


N.W. 


18 


12.72 


— 





18.72 


N.E. 


70 


49.6 


— 


49.5 





NN.E. 


24 


22.18 


— 


9.18 


— 


E. 


82 

1 


— 


— 


32. 




132.4 




90.68 


49.72 










49.72 




40.96 



y Google 



INSTRUMENTS AND THE SI<II)£*BtJLE. ^ 187 

First she saila da^ N., and so will have no departure : 
therefore place 48 under N. 

Her second course is due W., and so she will have no 
diff. of lat. ; therefore place 37 under W. 

Her third course is 45^, and therefore her departure 
and diff. of lat. will be equal. Over 18 place 90° of the 
sines, and under 45^ is 12.72^ which place under N. and W. 

Her fourth course is also 45^, and therefore her dep. 
and diff. of lat. will be equal. Over 70 place 90°, and 
under 45^ is 49.5, which place under N* and E. 

Her fifth course is 22}, cos. of which = sin. 67}. 
Over 24 place 90^, then under 22} is 9.18, her departure, 
which place under E. ; and under 67} is 22.18, her diff. 
lat., which place under N. 

Her last course is 32 due E., and so she will have no 
diff. of lat. : therefore place 32 under E. 

Add up the three columns. As there is no number 
standing under S. the diff. of lat. is 132.4 == 2^ 12' N. 

Subtract the W. from the E., and the remainder is 
40.96 E. for the total departure : then — 

As 132.4 : rad. : : 40.96 : tan. 17"" 12', the course. 

Again, sin. 17^ 12' : 40.96 : : sin. 90*^ : 138.6 wiles, 
the distance. 

EXAMPLES FOB PRACTICE. 

10. A ship from Cape Clear, lat. 51*» 25' N., sails 
SS.E. i E. 16, E.S.E. 23, S.W.b.W.} W. 36, W.i N. 12, 
and S.E.b.E. i E. 41 miles : required the equivalent course 
and distance, and the latitude of the place which the ship 
has arrived at. — Ans. Course, 18*^ 12' ; distance 62.75 
miles ', lat. in, 60^ 25' N. 
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11. From Cape St. Vincent, in lat. 37** 2' N., a ship 
Muled S.W.b.S. 49, S.b.E. 56, S.B.b.E. 38, S.W. 84, 
NN.W. 72, and E.N.E. 24 miles : required the course, 
distance, and latitude come to. — ^Ans. Course, 26® 15'; 
distance, 112 ; lat. in, 35° 22' N. 



PARALLEL SAILING. 

Since the meridians meet at the poles, it follows that 
the length of a degree on any parallel of latitude dimi- 
nishes as it recedes from the equator. To ascertain this 
diminution, when a vessel sails on a parallel of latitude, 
or changes her longitude onlj> is the object of parallel 
sailing. Let FA (diagram, page 48,) represent the earth's ^ 
semi-axis ; FCB, a quadrant of a meridian; B, a point on 
the equator; C, a point on the meridian, and conse- 
quently the arc CB, or angle CAB, the latitude of C ; 
and let the quadrant revolve on AF; then the circles 
described by the points C, B, or similar parts of them, 
will be proportional to their radii EC, AB. 

Now AB, or AC : EC, or AD :.: rad. : cos. CAB; 
that is, difference of longitude, or distance between any 
two meridians on the equator, or parallel described by B 
: the distance between those meridians on the parallel 
described by C : : radius : the cosine of the latitude ; or 
the lengths of degrees on different parallels vary as the 
cosines of the latitudes. Hence, if in any right-angled 
triangle ADC, the acute angle at the base CAD, be made 
equal to the latitude, and the length of the base AD equal 
to the departure^ or meridian distance, or distance be- 
tween any two meridians on a parallel of that latitude ; 
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then the hjpothenase AC will be equal to the arc of the 
equator, or the difference of longitude corresponding to 
^ that meridian distance. 

EXAMPLES. 

12. Required the number of miles contained in a degree 
of longitude, in lat. 55 N. 

COS. 55** = sin. 35**. 
sin. 90'' : 60 miles : : sin. 35^ : 34.4 miles. 

13. A ship from lat. 42*> 52' N. in long. 9** 17' W. 
sails due W. 342 miles : required the longitude come to. 

COS. 42*' 52' = sin. 4'r 8'. 

sin. 47** 8' : 342 : : sin. 90^ : 467, diff. long. 

467=7^47' 
9 17 



17 4 W. long, come to. 

14. A ship sailed 224 miles upon a due W. course, and 
by observation found she had differed her longitude 6^ 1S% 
or 378 miles : required latitude. 

378 : sin. 90° : : 224 : sin. 36^20'; 
and sin. 36*" 20' = cos. 53"^ 40^, the latitude required. 

15. Two ships in lat. 46'' 30' N., distant asunder 654 

miles, sail both directly N. 256 miles: required their 

distance. 

256= 40 16' 
46 30 



50 46 N., lat. reached* 
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Then oos. 46"^ BV : 654 miles : : cos. 60^ 46'; or 
mo. 43'' SCy : 654 : : sin. Sd"" 14' : 601 miles, the dis- 
tance. 

16. Two ships in lat. 45*" 44' N., distant 846 mUes, 
sail directly N. till the distance between them is 624 
miles : required the lat. reached and dlst. sailed. 

Cos. 45^ 44' = sin. 44*» 16'; then 846 : sin. 44'' 16' : : 
624 : sin. 31"^; and sin. 31'' == (k>s. 39'', lat. come to. 

Then 59'' 0' 
45 44 



13' 16 = 796 miles, dist. sailed. 



EXAMPLES FOB PRACTICE. 

17. A ship in lat. 54^ 20' N. sails directly W. on that 
parallel till she has differed her longitude 12" 45' : re- 
quired the distance sailed. — ^Ans. 446 miles. 

18. A ship from Cape Finisterre, lat. 42" 52' N., long. 
9" 17' W., sailed due W. 342 miles : required the longi- 
tude come to. — Ans. 17" 4' W. 

19. A ship sails on a certain parallel directly W. 624 
miles, and has then differed her longitude 18" 46', or 1126 
miles : required the latitude of the parallel sailed on. — 
Ans. 56" 20'. 

20. A ship from a port in lat. 54" N. sailed due E. 200 
miles ; then, having run due S. an unknown number of 
miles, sailed W. 250 miles, and, by observation, fbund 
she had arrived at the meridian of the port she sailed 
from : required the lat. come to, and distance run in the 
S. direction. — Ans. 42" 43' lat. come to; 677 miles run. 
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MIDDLE LATITUDE SAILING. 

Middle Latitude Sailing is a compositioii of plane and 
parallel sailing, and is used for reducing the departure to 
miles of longitude! Now, when two places lie not on the 
same parallel, their difference of longitude, reduced to 
miles of easting, or westing, if reckoned on the higher 
parallel, would be too small, and if on the lower parallel, 
too great. The common way of reducing it is, by taking 
it, as the name implies, on a parallel midway between 
the two } which, though not strictly correct, is sufficiently 
so for most nautical purposes. For the solution of ques- 
tions of this kind, we have only to place together the two 
triangles treated of under Plane and Parallel Sailing, and 
resolve them separately, observing to begin with that in 
which two parts are given, and then the unknown parts 
of the other triangle will be easily obtained. See triangle 
ACE, (diagram, page 48.) By plane sailing, the angle 
at E is the course ; KD, the difference of latitude ; DA^ 
the departure ; and KA, the distance sailed. By parallel 
sailing AD is still the departure, or meridian distance, on 
the parallel midway between the latitude left and latitude 
reached; CAD, the angle of the middle latitude; and 
AC, the difference of longitude. The following examples 
will illustrate the modes of solution. 



EXAMPLES. 

21. Eequired the course and distance from the east 
point of St Michael's, in lat. 37^ 49^ N., long. 26^ 11' 
W., to Start Point, in lat. 50« 13' N., long. 8« 88' W. 
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60*>13'N. 26«irW. 

87 49 N. 3 38 W 



})12 24 == 744, diff. lat. 21 33 = 1293, diff. long. 

6 12 
37 49 



44 1 mid. lat, complement^of which = 45^ 59'. 



Then sin. 90^ : 1293 : : sin. 45^ 59' : 930, the departure. 
744 : rad. : : 930 : tan. 51*> 20', the cour8e=N. 51^ 20' E. 
sin. 51^ 20^ : 930 : : sin. 90"" : 1191 miles, the distance. 

22. A ship from Brest, in lat. 48'^ 23' N., long. 4« 30' 
W., sailed S.W. f W. 238 miles : required the lat. and 
long, come to. 

S.W. f W. = 53<> 26', comp. of which = 36^ 34' ; 
Then 
sin. 90*> : 238 : : sin. 36^ 84' : 141.8 diff. lat.= 2« 22'. 

48^ 23' N. 
2 22 



46 1 lat. come to. 
1 11 = J diff lat. 



47 12 mid. lat., comp. of which = 42® 48'. 

Then sin. 42® 48' : 238 : : sin. 53® 26' : 282 diff long. 

= 4® 42' W. 
4 30 W. 



9 12 long, come to. 
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23. A ship from kt 17^ N., long. 24«* 25' W., sailed 
N.W. t N. till, by observation, her lat. is found to be 
28^ 34' N. : required the distance sailed and long, 
oome to. 

N.W. f N. == 36^ 34', comp. of which = SS** 26'. 
28^ 34' N. 
17 N. 



})11 34 = 694 diff. lat. 



6 47 
17 



22 47 mid. lat., comp. of which = 67** 13'. 

Then 
sin. 53'' 26' : 694 : : sin. 90''^ 864 miles, the distance; 

and sin. 67^ 13' : 864 : : sin. 36^ 34' : 558, diff. long. 
= 90 18' W. 
24 25 W. 



33 43 long, come to. 



EXAMPLES FOB PBAOTIGE. 

24. A ship from lat. 26** 30' N., long. 45° 30' W., 
sailed N.E. i N. till her departure was 216 miles: re- 
quired the distance run, and lat. and long, oome to. — 
Ans. Dist. 341 miles; lat. come to, 30"^ 53' N.; long. 
41^ 24' W. 

25. From lat. 48<^ 24' N., long. 65^ 39' W., a ship 
sailed 246 miles, on a direct course between S. and E., 
and was then, by oboervation, in lat. 40^ 48' N. : required 
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the coarse, and long. in. — Ans. Gonrae^ 50^ 4(K; long, 
oomc to, 61* 23' W. 

26. A ship from Cape St, Vincent, lat. 37** 2' N., long. 
9* 2' W., suls between S. and W.; the lat. come to is 
18* 16' N., and departure 838 miles : required the coarse, 
distance ran, and long, come to. — ^Ans. Coarse, 36* 4(K; 
dist 1403 miles ; long, come to, 24* 48' W. 

27. A ship from Bordeanx, in lat. 44* 5(y N., 0* 35' 
W., sails between the N. and W. 374 miles, and makes 
210 miles of easting : required the course, and lat. and 
long, come to. — ^Ans. Course, 34* 10' ; lat. come to, 49* 
69' N., long. 5* 45' W. 

28. A ship from lat. 54* 56' N., long. 1* 10' W., 
sailed between N. and E. till, by observation, she waa 
found to be in long. 5* 26' E., and had made 220 miles 
of easting: required the lat. come to, and coarse and 
distance run. — Ans. Lat. come to, 57* 34' N. ; course, 
54* 20'; distance, 271 miles. 

29. A ship from a port in N. lat. sailed S. E. i S. 438 
miles, and differed her long. 7* 28' : required the lat 
sailed from and come to. — Ads. Lat. sailed from, 51* 40' ; 
come to, 46* 16'. 
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TO DETERMINE THE DIFFERENCE OF jLONGITUDE 
MADE GOOD UPON COMPOUND COURSES, BY 
MIDDLE LATITUDE SAILING. 

With the several courses and distances find the latitade 
and departure made good and the ship's present latitude^ 
as in Traverse Sailing. Take the middle latitude between 
the latitude leffe and latitude arrived at ; then with the 
departure made by the traverse table, and the middle lati- 
tude, find the difference of longitude by Middle Latitude 
Sailing. In high latitudes this method will be somewhat 
incorrect, and therefore it will be advisable to employ the 
more tedious mode of computing the difference of longi- 
tude for every separate Course, which is most readily done 
as follows: — Complete the traverse table, as before, to 
which annex five columns : in the first put the several lati- 
tudes the ship is in at the end of each course and dbtance ; 
in the second, the sums of each consecutive pair of lati- 
tudes ; and in the third, half the sums, or middle latitude ; 
then find the difference of lon^tude answering to each 
separate middle latitude, and its corresponding departure, 
and place it in the fourth or fifth (namely the east or 
west) difference of longitude columns, according as the de- 
parture is east or west : then the difference of the sums 
of the east and west columns will be the difference of longi- 
tude made good, of the same name as the greater. 
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XXABCPLE. 



30. A ship from lat. 66" 14' N., long. S^ 12' E., sails 
NN. E. i E. 46, N. E. JE.28,N. f W.52,N.E.b. E. iE. 
57, and E. S. E. 24 miles : required her coarse^ and longi- 
tude in. 
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EXAMPLES FOR PRACTICE. 

81. If a ship sail from the Naze, in lat. 67° 58' N., 
long. 7° 3' E., W. N. W. ii4, N. W. i W. 16, SS. W. 31, 
S. i E. 12, and S. W. f S. 20 miles : required her lat. and 
long.— Ans. Course S. 56** 24' W.; lat. 57° 20' N.; long. 
6o 15' E. 

82. If a ship sail from the Gape of Good Hope, lat. 
84** 29' S., 18« 23' E., N. W. 25, N. i W. 21, NN. E. 
i E. 35, N. W. i W. 40, and N. b. E. 18 miles : required 
her lat. and long.^Ans. Lat. 32° 37' S., and long. 17** 
43' E. 



MERCATOR'S SAILING. 

In Mercator's Sailing, so called from the name of its 
inventor, Gerard Mercator, the earth is conceived to be 
projected on a plane. In this projection, the meridians 
are parallel to each other, and, consequently, all places 
upon it are 'distorted, and the more so as they approach 
the poles; but, to compensate for this distortion, the de- 
grees of latitude are everywhere increased in the same 
proportion as those of longitude ; and, consequently, the 
bearings between places, and the proportions between the 
latitude, longitude, and nautical distance, will be the same 
as those on the globe. To examine into this proportion, 
let us refer again to diagram, page 48. It was shown, in 
parallel sailing, that any arc described by C is to a similar 
arc described by B as AD to AC. But AP : AC : : 
AB : AG; consequently, any arc described by C is to 
any similar arc described by B as AB is to AG ; that is, 

17* 
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as radios is to the secant of the latitude. If, therefore, as 
in Mercator's Projection, the meridians are everywhere 
equidistant, and, consequently, each parallel of latitude 
equal to the equator; then the length of any arc, as of a 
minute^ or a degree, on any parallel, is elongated beyond 
its just proportion, in the same ratio as the secant of the 
latitude of that parallel exceeds radius. Therefore, to 
keep up the proportion of northing and southing with that 
of easting and westing, the length of a minuto upon the 
meridian at any parallel must be increased beyond its just 
proportion in the ratio of the secant to radius. Conse- 
quently, the meridional parts of any given latitude are 
found by adding together the natural secants of successive 
minute portions of that latitude ; and the smaller these 
are taken, the more correct will be the table so formed. 
One sufficient for the purposes of the Slide -Rule is here 
given. 

TABLE OF MERIDIONAL PARTS TO EVERY DEGREE 01* 
THE QUADRANT. 



MP. 



MiV 



664 
787i 

<iT3 
103;! 
H)OS 



MP. 



1226 

laM 

1410 
%^M 

iflifi 

ITal 

iai& 



MP. 



IflSS 
105S 

2100 

2in 
239:; 4 

040^1 4.^ 

2&45 49 



MP. 



£023 
2702 
2783 
28C& 

3030 
311fl 

32912 
33^2 



MPJ 



M74 

smb. 

3764 

mm 

39fli 
4074 
41SS 
4394 
4400 



&[P. 



4537 
4649 
477S 
4905 



6179 
5324 
6474 
6631 



61461 



MP- 



6375 

eraa 

0145 

10137 
10765 
11532 
12522 
13916 



To return to the diagram. Let the angle DAC be the 
course; AD the difference of latitude; AC the distance; 
and DC the departure ; then AB being the elongated^ or 
meridional, difference of latitude, AG will be the elon- 
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gated distance, and BG the elongated deparfcore; that is 
the real difference of longitude. 

Now, AD : DC : : AB : BG; that is, Diff. Lat. 
: Dep. : : Merid. Diff. Lat. : Diff Long. 

And AB : BG : : Bad. : tan. CAD; that is, Merid. 
Diff. Lat. : Diff. Long. : : Bad. : tan. course. 

To find the meridional parts answering to any number 
of degrees and minutes, take proportional parts of the dif- 
ferences found by subtraction. 

EXAMPLES. 

33. Bequired the meridional parts answering to 87** 48', 
viz. 37?. 



88»=2468 




87" =2393 




75 


Then 2893 


43 


+ 54 


225 


= 2447 merid. parts for 87° 43'. 


300 




6,0 ) 822,5 




54 nearly 




34. Bequired the meridional parts for 27" 58'. 


28» = 1751 




27" = 1684 


Then 1751 




- 2 . 


67 




2 


= 1749 merid. parts for 27° 68'. 



6,0 ) 18,4 
2 
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85. Beqimed the number of degrees answering to 8626 
meridional parts. 

8665 = 52* 8625 

3569 = bV 



96= Por60' 56=?' 



96 : 60' : : 56 : 85'. 

.-. 3625 = 5P 35'. 

EXAMPLES IN MEBGATOB's SAILING. 

86. Required the coarse and distance from the east 
point of the Azores, lat. 87^ 49' N., long. 25' 11' W., to 
Start Point in lat. 50*» 13' N. long. 3° 38' W. 

260 ir W. 50^ 13' N. Meridional parts ss 8495 

8 88 W. 87 49 N. « « 2464 



21 83al298 miles 12 24 » 744 miles diif. lat. 1041 mend. 
diflF. long diff. lat. 

Then 1041 : rad. : : 1293 : tan. 5P KK course, whose 

comp.=38*50'; 

and sin. 88'' 50' : 744 : : sin. 90^ : 1186^ the distance. 

Compare this with Example 21. 

87. Ashipsailsfromlat.88*>47' N., long. 75° 4^ W., 267 

miles N. E. b. N. : required the ship's present place. 

N. B. b. N. = 83** 45' course : comp. of which =56**15' 

Bin.9P:267 : : sin. 56<> 15' : 222diff. lat.= 3H2'N. 

88 47 N. 



42 29 lat 
come to 

42** 29' mend, parts = 2821 

88** 47' " = 2528 



298 merid. diff. lat 
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Bad. : 293 : : tan. 33*» 46' : 196 diff. long. =3» 16' E. 

75<> 4'W. 
3 16 E. 



71 48 long. in. 

38. A ship from Nova Scotia, in lat. 45** 20' N., long. 
60** 56' W., sailed S. E. i S., and, by observation, was 
found to be in lat. 41** 14' N. : required the distance 
sailed, and long, come to. 

S. E. i S. = 42** ir course, whose oomp. =47** 49'. 
45^* 20' merid. parts = 3058 
41 14 do. =2720 



4 


6 = 


diff. lat. 




338 merid. 


diff. lat. 




Bad. 


: 338 


: : tan. 42° 


11' 

60' 

5 


: 306 diff. 
55' W. 
6 £. 


long. = 5" 


6'. 



65 49 W. long. in. 
Sin. 47** 49' : 246 : : sin. 90** : 332, distance. 

EXAMPLES FOa PRACTICE. 

39. Required the direct course and distance between 
the Lizard in lat. 60** 0' N., and Port Boyal, in Jamaica, 
in lat. 17** 40' N., differing in long. 70** 46', Port Royal 
lying so far to the W. of the Lizard. — ^Ans. Course, 60® 
33'; distance, 3645 miles. 

40. Suppose a ship from the Lizard, in lat. 60^ N., sails 
S. 36*^ 40' W. 156 miles : required lat. come to, and how 
much she has altered her longitude. — ^Ans. Lat. come to, 
47*'63'N.j diff. long. 2*» 19'. 
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. 41. A ship in lat 54^ 20' N. siuls S. SS^" 45' E., until, 
by observatioDy she is found to be in kt. 51^45' N. : 
required the distance sailed, and the diff. long. — ^Ans. 
Distance, 186.4 mUes : diff. long. 2'' 52' E. 

42. A ship from lat. 45'' 26' N. sails between N. and E. 
195 miles, and then, by observation, is found to be in lat. 
48** 6' N. : required the direct course, and diff. long. — 
Ans. Course, N. 34*> 52' E., or N. E. b. N. 1^ 7' E. ; diff. 
long. 2M3'E. 

43. A ship from lat. 48^ 50' N. swls S. 34^ 40' E., tiU 
her diff. long, is 2^ 44' : required lat. come to, and dis- 
tance sailed. — Ans. Diff. lat. 2^ 41' ; distance 196 miles." 

44. A ship from 54° 36' N. sails S. 42^33' W., until 
she has made 116 miles of departure : required the lat. 
she is in, her direct distance sailed, and how much she 
has altered her longitude. — Ans. Lat. come to 52° 30' ; 
distance, 171.5 miles; diff. long. 3° 15'. 
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TO DETERMINE THE DIFFERENCE OF LONGITUDE 
MADE GOOD UPON COMPOUND COURSES, BY 
MERCATOR'S SAILING. 

With the several courses and distances, find the latitude 
and departure made good, and the ship's present latitude, 
as in traverse sailing. Take the meridional difference of 
latitude between the latitude left and latitude arrived at. 
Then, with the course made good by the traverse table, 
and the meridional difference of latitude, find the difference 
of longitude by Mercator's Sailing. In high latitudes, 
this method will be somewhat incorrect; and, therefore, 
it will be advisable to employ the more tedious mode of 
computing the difference of longitude for every separate 
course, which is most readily done as follows : — Complete 
the traverse table as before, to which annex five columns. 
In the first, put the several latitudes the ship is in at the 
end of each course ; in the second, the meridional parts 
corresponding to each latitude; and in the third, the dif- 
ference of each consecutive pair of meridional parts. 
Then find the difference of longitude answering to each 
separate course, and its corresponding meridional differ- 
ence of latitude, and place it in the fourth or fifth (viz. 
the east or west) difference of longitude columns, according 
as the course is east or west; then the difference of the 
sums of the east and west columns will be the difference 
of longitude made good, of the same name as the greater. 

EXAMPLE. 

45. A ship from lat. 66<» 14' N., long. 8<'12' E., saUs 
NN.E. JE. 46, N. E. i E. 28,N. i W.52, N. E.b. E. i 
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E. 67, and E. S. £. 24 miles : required her course and 
longitude in. 
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£XAMPI«ES FOE PBAOnCE. 

46. A ship from lat. 57*^ 80' N., long, l** 47' W., sailed 
SS. E. 48, S. W.b. S, 54, E. b. S. 71, N. E. 63, and W. N. W. 
60 miles : required the lat. and long, of the place come 
to. — ^Ans. By 1st rule, lat. oome to, 56^50' N., long. 
2'W. 
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47. Four days ago, we took our departure firom Faro- 
head, in lat. 58^ 40' N., and long. 4*^ 50' W., and since 
have sailed as follows :— N.W. 32, W. 69, W. N.W. 93, 
W. b. S. 77, S.W. 68, and W. i S. 49 miles : required 
our present lat. and long. — Ans. By Kule 2, lat. come to, 
68° 35'; long. 15*^ 64' W. 



OBLIQUE SAILING. 

Oblique Sailing is the application of oblique-angled 
plane triangles to the solution of problems at sea ; and is 
particularly useful in going along shore, and surveying 
coasts and harbours. 

EXAMPLES. 

48. Coasting along the shore, I saw a cape bear from 
me NN. E. ; then I stood away N.W. b. W. 20 miles, and 
observed the same cape to bear from me N. E. b. E. : 
required the distance of the ship from the cape at her last 
station. See figure, page 72. 

> Sin.33M6' : 20 :: sin. 78^45' : 35.3 miles. 

49. A point of land was observed, by a ship at sea, to 
bear E.b.S.; and after sailing N.E. 12 miles, it was 
found to bear S. E. b. E. It is required to determine the 
pkoe of that headland, and the ship's distance from it at 
the last observation. See figure, page 78. 

Sin. 22^30' : 12 :: sin. 56^15' : 26.1. 

50. At noon, Dungeness bore N. b. W., distance 5 
leagues ; and having run N. W. b. W. 7 knots an hour, at 
6 P. M, we were up with Beachy Head : required the dis- 
tance of Beaohy Head from Dungeness. — ^Ans. 26.6 miles. 

18 
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WINDWA.RD SAILING. 

Windward Sailing is the method of gaining an intended 
port by the shortest and most direct method possible^ when 
the wind is in a direction unfavourable to the course the 
ship ought to steer for that port. In order to attain this 
point, it is evident that the ship must sail on diflferent 
tacks ; and, therefore, the object of this sailing is, to find 
the proper courses to be steered on each board, that the 
vessel may arrive at the intended port with the least delay 
possible. By the term board is to be understood the 
shifting of the direction, or alteration of the course. Thus, 
if a vessel sails on two boards, she shapes out the letter 
Y; if on three boards, the letter N; and so on. 

SXAMPLES. 

51. A ship is bound to a port 48 miles diiecily to the 
windward, the wind being SS.W., which it is intended to 
reach on two boards ; and the ship can lie within 6 pointa 
of ^e wind ; required the course and dbtance on each 
tack. 

Describe a circle, and from the centre, which call Aj 
draw a line in a SS.W. direction, to represent the direction 
of the wind, and call the lower extremity of this line B, and 
let it represent the port intended to be reached. Then 
the wind blowing from B to A, and A being the position 
of the ship ; from A, to the left of the line B A, draw a 
line, making with it an angle of 6 points, or 67^ 3(K; 
this will, of course, be due W. From the centre of the 
drcle A, to the right of the line AB, draw another line, 
making with AB an angle, like the other, of 67'' 80'. 
This lin^ will be south-east From the point B, panlW 
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to this last line, draw a line, cutting the one running 
west, in a point, which call C. Then AC will be the 
course of the ship on the first board, and CB that on the 
second. Now, the angles at A and B will be each 67 i^, 
and at C 45^, opposite which is the line AB, 48 miles. 

Then, sin. 45'' : 48 miles : : sin. 67}'' : 62.7 miles, the 
distance to be sailed- on each board; so that she will have 
to sail 125.4 miles to make 48. 

52. The wind at N. W., a ship bound to a port 64 miles 
to the windward, proposes to reach it on three boards, two 
on the starboard, and one on the larboard tack, and each 
within 5 points of the wind : required the course and dis- 
tance on each tack. 

Describe a circle, and from its centre, which call A, 
draw a line in a N. W. direction, to represent the direc- 
tion of the wind, and let its upper extremity denote the 
port intended to be reached, which call B. From A draw 
two lines, one to the left and the other to the right of the 
line B A, each making with it an angle of 5 points ; con- 
sequently, the first will pass through the W. b. S. rhumb, 
and the second through the N. b. E. Call the lower ex- 
tremity of the line passing through the S. b. W. rhumb, 
C ; the upper extremity of the other, D. From B draw 
a line to the right of the line BA, parallel with CA. Bi- 
sect BA, in a point, which call E. Draw a line from E 
to C, parallel with the line DA, and prolong it upward 
till it cuts the line running right of B, in a point, which 
call F. Then, in the triangle EAC, the angles at A and 
C are each Se"" 15', and the angle at E 67'' 3(y, and the 
line EA is 32 miles. Therefore, sin. 56" 15' : 82 : : 
sin. 67" 8(K : 86.25 miles = AC, BF, CE, or EF, and 
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twice 86.25 == 72.5. Hence, she must fint sail W b. 8. 
86} miles, then N. b. E. 72} mileS; then W. b. S. 86} 
miles. ^ 

It may be here observed, that whatever number of 
boards it may be found expedient a ship should make, the 
ntm of the distances on each tack will be the same as if 
the place had been reached on two boards only. 

53. A ship is bound to a port 26 miles directly to wind- 
ward (the wind being N. E.,) which it is intended to reach 
on two boards, the first being on the larboard tack, and 
the ship can lie within 6 points of the wind : required the 
course and distance on each tack. — Ans. Course on the 
larboard tack, E. S. E. ; on the starboard, NN. W. ; dis- 
tance on each board, 34 miles, nearly. 

54. The wind at N. } E., a ship is bound to a port 
bearing^ NN. E., distance 68 miles, which it is proposed 
to make at four boards ; the coast, which is to westward, 
trends NN. E. also ; so that the ship must go about as 
soon as she reaches the straight line joining the ports : 
required the course and distance on each board, the ship 
mdcing her way good within 6 points of the wind. — ^Ans. 
Course on the larboard tack, E. N. E. } E. ; on the star- 
board, N. W. b. W. } W. ; first and third distances, 47.8 
miles; second and fourth distances, 37.2 miles. 

55. A ship close hauled within 5 points of the wind, 
and making 1 point of leeway, is bound to a port bearing 
SS. W., disbint 54 miles, the wind being S. b. E. ; it is 
intended to make the port at three boards, the first of 
which must be on the larboard tack, in order to avoid a 
reef of rocks : required the course and distance on each 
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tack. — ^Ajui. Course on the larboard tack, S. W. b. W. ; 
on the starboard, E. b. S.; distances on the larboard 
tack, each 37.45 miles; distance on the starboard tack, 
42.4 miles. 



CURRENT SAILING. 

When a ship sails exactly with the current, her velocity 
will, of course, be accelerated ; and, when in due opposi- 
tion to the current, it will be retarded by the difference 
of the velocities of the wind and stream. When she is 
urged by the wind in one direction, and by the current in 
another, her course, agreeably to the law influencing. all 
bodies acted upon simultaneously by two forces, will lie 
in the diagonal of the parallelogram formed by those forces; 
that is, will be the third side oi a triangle of which the 
drift of the current and the action of the wind form the 
other two, the angle between them being known. 

N.B. That point of the compass to which a current runs 
is called its setting, and its rate per hour is called its drift. 

EXAMPLES. 

56. A ship sails by the compass directly S. 96 miles, 
in a current that sets E. 45 miles in the same time : re- 
quired the ship's true course and dbtance. 

Describe a circle, and from its centre, which call A, 
draw a line in a south direction, and make it equal to 96 
from a scale of equal parts, and call the lower extremity B. 
From the point B, in an easterly direction, draw a line 
equal to 45, from the same scale, and call its extremity 0. 
Join AC. The angle BAC will be the course, and C the 
point at which the ship will have arrived. Then, 
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96 : rad. : : 45 : tan. 25'^ V, the ship's coarse =: 
SS. E. 2^ 6', easterly. 

And^ sin. 25'' 7' : 45 : : sin. 90'' : 105.9 miles, distance 
sailed. 

57. A ship has made by the reckoning N. i W. 20 
miles, bat, by observation, it is foand that, owing to a 
oarrent, stfe has actoally gone NN. E. 28 miles : required 
the setting and drift of the current in the time which the 
ship had been running. — Ans. Setting, N. 64® 48' E., 
drift, 14.1 miles. 

58. A ship from a port in lat. 42'' 52' N., sailed S. b. 
W. i W. 17 miles in 7 hours, in a current setting be^ 
tween the N. and W. ; and then the same port bore E. 
N. E., and the ship's latitude, by observation, was 42^^ 42^ 
N. : required the setting and drift of the current. — Ans. 
Setting, 71"^ 55', driffe, 2.9 knots an hour. 

59. A ship, bound from Dover to Calais, lying 21 miles 
to the S, E. b. E. } E., and the flood-tide setting N. E. i 
£.2} miles an hour : required the course she must steer, 
and the distance run by the log, at 6 knots an hour, to 
reach her port. — ^Ans. Course, 39^* 14'. Distance to be 
run 19.4 miles. 

60. l£xom a ship, in a current^ steering W. S. W. 6 
miles an hour by the log, a rock was seen at 6 in the 
evening, bearing S. W. i 8. 20 miles, l^e ship was lost 
on the rock at 11 p. m. : required the setting and drift 
of the current.— Ans. Setting, S. 75^* 10' E., drift 3.11 
miles per hour. 
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OF A SHIPS JOURNAL. 

A joQrDal is a register of transactions occurring on 
board a ship, and shonld contain a particular detail of 
everj thing relative to the navigation of the vessel — ^as 
the courses, winds, currents, &c. — that her situation may 
be known at any instant at which it may be required. 
The computations made to determine the place of a ship 
from the courses and distances run in 24 hours, are called 
a day's work ; and the latitude and longitude of a ship 
deduced therefrom, are called the latitude and longitude 
in, hy account, or, by dead reckoning , in contradistinction 
to the latitude and longitude as determined by observation. 
At the time of leaving land, the bearing of some known 
place is to be observed, and its distance found, either by 
observation, or by taking its bearing at two different 
times, from two different places, and determining its dis- 
tance accordingly. The log-book, which is to contain a 
daily transcript from the log-board, is to be divided into 
7 columns. In the first, put the hours; in the second 
and third, the knots and fathoms sailed per hour; in the 
fourth, the courses ; in the fifth, the winds ; in the sixth, 
the leeway; and in the seventh, any remark that may be 
thougbt necessary. It is better, however, to omit the 
leeway column, and, on transcribing from the log-board, 
to make the proper allowance, and to enter the amended 
courses only, in the log-book. After this, allow for the 
variation, and bring them into a traverse table. Find the 
riiip's distance, difference of latitude, and departure, by 
plane sailing; then, by Mercator's, or middle latitude 
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niUngi find the difference of lon^tade, and entor it ao- 
cordingly. The following specimen will fbrnish an idea ; 
bat the present woik being intended [nnncipsllj to show 
the instnimental modes of computation, the student is 
lefened to works ezdnnTel j on NaTigalioni for more eom- 
|Aete information upon the snbject. 
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The departure is taken from the Lizard, at 10 A. H; 
The bearing is N. E. } £., distance 15 miles. Now, the 
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opponte point is S.W. i W.^ aod the variation, 2| points, 
being allowed to the left hand, because it is westerly, 
gives SS.W., the true bearing of the ship from the 
Lizard ; so it will be SS.W., 15 miles. The course the 
ship has been going, is W. b. N., which, corrected for 
variation, is W. S.W. i W. ; and the distance run from 10 
A. M. to noon, is 16 miles. Now, insert these in a tra- 
verse table, as under, and find the diff. lat. and departure 
to each course and distance by plane sailing. Hence the 
diff. lat. and departure made good will be obtained, with 
which the course and distance from the Lizard will be 
determined. Then, with the departure and middle lati- 
tude find the difference of longitude. 

TBAVERSE TABLE. 



OnamB. 


IHstaaoe. 


niftLat. 




N. 


& 


B. 


W. 


SS.W. 
W.S.W.JW. 


16 
16 




18.9 
4.6 




6.7 
16.8 


S.48<'40'W. 


28 


18.5 


21. 



Lat. left 490 57' N. 
Diif. lat 18 S. 



49 39 lat. in. 

9 as J diff. lat. 



49 48 mid. lat =s comp. 40<' 12'. 
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% 

18.5 : hmL : : 21 : tan. 48<» 40', the eoime. 
•iiL 48« 40^ : 21 : : 8iii.90o : 28, the distance. 
•iiL 40<» ir : 28 : : sin. 48<» 40^ : 82.6 diff. long, s 83' nearly. 

Long, left 5<> 15' W. 
Diff. long. 88 W. 

5 48 W. long, eoine to. 
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The several courses being corrected for variation, the 
diff. lat. and departure, answering to each course and 
distance, will be as under. 



Gounes. 


IMstanoe. 


IMflLLat 


Departure. 


N. 


S. 


B. 


W. 


S.W. } W. 

S.W. } 8. 
SS.W. i w. 


50 

108 

66 




81.7 
83.6 
49.4 


• 


88.6 
68.6 
26.4 


S.880 52'W. 


212 


164.6 


133.6 



Yesterday's lat. 49o 89' N. 
Diff. lat 2 46 S. 



46 64 N. lat. in. 
1 22 ss i diff. lat. 



48 16 mid. lat. » eomp. 41o 44'. 

166 : rad. : : 138 : tan. 38<» 62% the course. 

Sm. 38<» 62' : 133 : : sin. 90<' : 212, the distance. 

Sin. 410 44' : 212 : : sin. 38o 62' : 200 diff. long. » 3<' 20'. 

Yesterday's long. 6® 48' W. 
Diff. long 8 20 W. 

9 8 W. long, in by account. 



y Google 



216 A TBXAnSE OK A BOX OV 



RECAPITULATIOK 



QUESTIONS ON TABLE I. 

1. Ths diameter of a drele is 9 inches : what is the 
oiroumference ? — ^Ans. 28.27. 

2. What is the side of an equal square ? — Ans. 7.97. 

3. The cireomferenoe of a circle is 23 inches : what is 
the diameter ? — ^Ans. 7.32. 

4. Whajb is the side of an inscribed square? — ^Ans. 5.17. 

5. The side of a square is 18 : what is the diameter of 
an equal circle ? — ^Ans. 20.3. 

6. What is the circumference of an equal curde? — 
Ans. 63.8. 

7. The area of a circle is 24 : what is the area of its 
inscribed square ? — ^Ans. 15.27. 

8. The area of a square is 24 : what is the area of its 
. inscribed circle ? — ^Ans. 18.85. 

QUESTIONS ON TABLE IL 

9. The diameter of a circle is 25 inches : what is the 
side of an inscribed equilateral triangle ? — Ans. 21.65. 

10. Of an inscribed pentagon ? — ^Ans. 14.69. 

11. Of a circumscribed decagon? — ^Ans. 8.12. 

12. Of an inscribed undecagon ? — ^Ans, 7.04. 

13. Of a circumscribed dodecagon ? — ^Ans. 6.69. 

14. The diameter of a circle is 12 inches : what is the 
side of a square inscribed in it ?— Ans. 8.48. 
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15. A circle, whose diameter is 9( inches, has a regular 
hexagon surrounding it: what is the length of each side ? 
— ^Ans. 6.33. 

16. An octagonal tower measures 7 feet along each 
side : what will be the diameter of a circle surrounding 
it?— Ans. 18.3. 

17. What is the length of the longest line that can be 
drawn within a dodecagon, each of whose sides is 7 feet ? 
— Ans. 26.13. 



QUESTIONS ON TABLE III. 

18. The side of an equilateral triangle is 7 : what is 
the area? — ^Ans. 21.2. 

19. The side of a regular pentagon is 7 : what is the 
area? — ^Ans. 84.3. 

20. The side of a regular heptagon is 7 : what is the 
area? — ^Ans. 178, 

21. The side of a regular nonagon is 7 : what is the 
area?— Ans. 302.9. 

22. The side of a regular dodecagon is 6 : what is the 
area?- Ans. 403. 

i23. The side of a regular hexagon is 47 inches : how 
many square feet does it contain ? — Ans; 39.86. 

24. What is the area, in square yards, of air undecagon 
whose side measures 17.9 feet ? — Abs. 334. 

QUESTIONS ON TABLE IV. 

25. A bullet, let fall from a balloon, was half a minute 
before it struck the earth : how high was the aeronaut at 
the moment it was dropped ? — ^Ans. 4825 yds., or 2f ;niles. 

26. When the same balloon had attained an altitude of 
4 miles, or 7040 yards, another bullet was let fall : how 
many seconds was it in descending? — ^Ans. 36} seconds. 
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27. What is the height of a precipice, if a stone is 
7 seconds in falling from the top to the bottom ? — Ans. 
788 feet. 

28. A stringy with a bullet at the end, being suspended 
from a hook in the ceiling, is foand to vibrate 64 times 
per minute : what is the distance from the hook to the 
centre of the bullet ? — Ans. 34.4 inches. 

29. How often will a pendulum, 100 inches long, 
vibrate per minute? — Ans. 37 J times. 

30. A revolving pendulum shapes out 52 cones in a 
minute : determine its length ? — ^Ans. 13 inches. 

31. The diameter of a circle is 60 inches : what is the 
area? — ^Ans. 2827 J square inches. 

32. The diameter of a sphere is 9 inches : what is the 
convex surface ? — ^Ans. 26.46 square feet. 

33. The circumference of a sphere is 12 inches : what 
is the surface ? — ^Ans. 46.8 square inches. 

34. What is the diagonal of a square whose side 
measures 15.3 inches ? — Ans. 21.63. 

35. A cube measures 9 inches along the side: what 
will be the diagonal of the face, and what of the cube ? — 
Ans. 12.72 diagonal of the face; 16.58 diagonal of the 
cube. • 

QUESTIONS ON TABLE V. 

36. The diameter of a circle is 9 inchest how many 
square inches does it contain ? — ^Ans, 63.6, 

37. The diameter of a circle is 44 inches : how many 
square feet does it contain ? — Ans. 10.55. 

38. The side of a square is 17.5 inches : required the 
area in square feet. — Ans. -2.126. 

39. The diameters of an ellipse are 12 and 10 feet : re- 
<|mred the area in square yards. — ^Ans. 10.47. 
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40. What 18 the area in square yards of a cycloid, 
whose generating circle has a dian^eter of 3 feet? — 
Ans. 2.356. 

41. Eeqmred the surface of a cylinder, in square feet, 
the circumference of which is 29 inches, and height 42 
inches. — Ans. 8.46. 

42. The diameter of a sphere is 73 feet : what is the 
surface in square rods? — ^Ans. 61.5 nearly. 



QUESTIONS ON TABLE VI. 

43. A vessel in the shape of a square prism is 40 inches 
deep, and 12 inches square : how many solid feet does it 
contain ?— Ans. 3.33, or 3i feet. 

44. An inverted octagonal pyramid measures 5 inches 
along each side at the top, and is 13 inches deep : how 
many gallons will it contain ? — ^Ans* 1*88 gallons. 

45. A dodecagonal pyramid measures 6 inches along 
each side at the bottom, and is 16.6 inches high : how 
many solid feet does it contain ? — ^Ans. 1.29 feet. 

46. A cone of ice is 50 inches in perpendicular height; 
the diameter of its base is 10 inches : required its weight. 
—Ans. 43.9 lbs. 

47. A hollow sphere, 11 inches in diameter, is filled 
with tallow : required its weight. — ^Ans. 23.1 lbs. 

48. How much gunpowder would fill the same? — 
Ans. 23.4 lbs. 

49. The axes of an oblate spheroid are 20 and 22 inches : 
how many gallons will it hold ? — Ans. 18.2 gallons. 

50. The axes of a prolate spheroid are 20 and 22 inches : 
how many gallons will it hold ? — Ans. 16.6 gallons. 

51. The axes of an elliptic cylinder of solid gold are 4 
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and 9 inches ; its depth 3 inches: what is its weight? — 
Ans. 60 lbs. avoir. 

52. The axes of an elliptic cone of brass are 4 and 9 
inches ; its depth 8 inches : required its weight. — Ans. 
22.85 lbs. 

53. A paraboloid of zinc is 14 inches high ; the radius 
of its base 5 inches : required its weight. — ^Ans. 146 lbs. 
nearly. 

54. A parabolic spindle of silver is 23 inches long; its 
diameter 8 inches : what is its weight f — Ans. 233.6 lbs. 
avoir. . 

55. The length of a cask is 45 inches, the bnng dia- 
meter 36, and the bead diameter 30 inches : required the 
content for each of the four varieties. 

Ans. Ist variety 148.37 gallons. 
2d « 147.76 « 
3d « 139.96 « 
4th " 139.2 " 



QUESTIONS ON TABLE Vn. 

56. A sphere of platinum weighs 32 lbs. : required its 
diameter. — Ans. 4.28 inches. 

57. A solid globe of gold weighs 40 lbs. : what is its 
diameter f — ^Ans. 4.78 inches. 

58. A sphere 5 inches diameter is filled with quick- 
silver : reqmred its weight. — ^Ans. 32.4 lbs. 

59. Hequired the diameter of a pound rocket. — ^Ans. 
1.67 in. 

60. The internal diameter of rockets is usually f of 
their external : what then is the internal diameter of a 
6 lb. rocket ? — Ans. 2 inches. 

61. A globe of ice weighs 10 lbs. : required its dia- 
meter. — ^Ans. 8.3 inches. 
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QUESTIONS ON TABLE VIII. 

62. A sphere contains 100 cubic inches : required its 
diameter. — ^Ans. 5.75 inches. 

63. The solidity of a sphere is 180 : what is its diame- 
ter? — ^Ans. 7. 

64. What is its circumference ? — Ans. 22. 

65. The solidity of an octahedron is 9 : what is the 
length of each of its sides ? — ^Ans. 2.68. 

66. The moon is distant 240 thousand miles from the 
earth, and the time of her complete revolution is about 
27 i days: at what distance would she go round in a 
week ? — Ans. 96 thousand miles. 

67. The distance of Venus is 68 millions of miles : hoW 
many weeks does she consume in traversing her orbit ? — 
Ans. 32 weeks. 

68. Vesta performs her revolution in about 47 i lunar 
months : required her distance. — Ans. 225 million miles. 

69. Juno is distant 253 millions of miles ; how many 
days are consumed in her revolution ? — Ans. 1690. 

70. At what distance would a planet require to be 
placed to revolve round the sun in 2 years ? — Ans. 151 
millions of miles. 

71. Ceres is distant 263, Pallas 265 millions of miles 
from the sun : how many years is each employed in her 
circuit? — ^Ans. Ceres, 4.6 years ; Pallas, 4.67 years. 



72. I have 3 balls, weighing 1 lb., 2 lbs., and 7 J lbs. 
respectively; the smallest is 3 inches diameter : required 
the diameter of the other two. — ^Ans. 378, and 5.87 
inches. 

73. A cone weighing 74 lbs. is 24.6 inches high, and^ 
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10 inehea diameter at tbe baae : required the size of a 
nmilir coney wogfaiiig 100 lb& — ^Ana. 27.19 inehes high ; 
11.05 diam. 

74. I haTe two aimilarlj shaped casks, tbe dimensions 
of one are, length 54, head 34.8, bang 44.8, and middle 
diameter 83 inches ; the other holds 2| times as ranch : 
required the dimensions. — ^Ans. L^72.3; H. 46.6; B. 
59.98; and M. 111.1. 

75. Oat of a sheet of metal, of onifonn thickness, a 
piece is cat in the shape of a regular decagon, each of 
whose sides measures 7 inches; its weight is found to be 
Si lbs. ; a similar piece is cut from the same sheet, and 
weighs 23 f lbs. : what is the length of each of its sides? 
— ^Ans. 11.83 inches. 

76. Find, by the rule, the cube root of 141. — ^Ans. 5.2. 

77. The frustum of a nonagonal pyramid measures 3 
inches along each side at top, and 4 at bottom, and the 
depth is 10 inches; into this I put a sphere of brass 
weighing | of what the water required to fill the yessel 
would weigh : what is the diameter of the sphere ? — 
Ans. 4.1 inches. 

78. A cast-iron cannon-ball weighs 38 lbs., : required 
its circumference. — Ans. 20.4 inches. 

79. A tap 2 inches in diameter will empty a cask in 
53} minutes : what must be the size of one to empty it in 
an hour and 53i minutes ? — ^Ans. 1.373 inches. 

80. A has a globe of lead 4 inches diameter; B, a 
globe of copper of the same weight : what is its diameter f 
— ^Ans. 4.34 inches. 

81. The tinker, mentioned at page 162, succeeded in 
making a similar yessel to contain 20 gallons : required its 
dimensions. — ^Ans. Depth, 13.51 inches; bottom diamo« 
ter, 16.96 ; top, 28.27. 
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APPENDIX. 

During the sale of the first few hundred copies of the 
present impression, it has been found that the omission 
of the Compass has proved a great inconvenience ; it is^ 
therefore; now supplied, as above. 

Most of the operations of the Slide-Rule have been 
exhibited at pp. 91, 92, &c. The principal of them may 
be more concisely shown as follows : — Let a and A denote 
any two logarithmic distances taken on the A line ; h and 
B any two equal distances on the B line ; and so on. 
Then a varies as & as c as ef ', and J. as jB as C as i>^ ; 
e as £?•, and U m D^} a' as e^ as c?^, and -4.® as J5^ as B^. 

From these an immense variety of combinations may 
be formed; some of them more curious than useful. The 
former class the student can investigate for himself; of 
the latter kind the following are of constant occurrence. 

hA 
(1.) a : h :: A : By whence B = — 
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Of this class are all cases of simple proportion, in- 
eluding multiplication, division, and many formulae for 
surfaces. In multiplication a being unity, in division A; 
and, for sur&ces, a a divisor, b length, and A breadth. 

(2.) a : 6 : : ^ : c, whence c = 

^ • a 

Of this class are the formulae for surfaces and solids, 
when divisors are used instead of gauge points. For sur- 
faces d will be a side, or diameter, or mean proportional 
between two dimensions, and h a quantity varying with 
the boundary of the surface. 

ca 
(3.) a lb :: d^ :c, whence b = -^^ 

Of this class are the formulae for surfaces, in which d 
is a gauge point, c length, and a breadth. 

/./>■ 
(4.) c:d^:: 0: 2)», whence 0= -^^ 

Of this class are the formulae for accelerated motion, 
and for exhibiting the relations of similar plane figures to 
each other ; for finding the areas of surfaces, and the con- 
tent of solids^ d being a gauge point : c, in surfaces, a 
variable quantity — in solids, length, height, or depth ; and 
D a diameter, side, or mean proportional between two 
dimensions. 

(6.) eid^i'.EiD^, whence E = -^' 

Of this class are the formulae for determining the di- 
mensions of spheres from their weight, or solidity; and 
for exhibiting the relations of similar solids to each other. 

(6.) a? ; e» :\ A^ i E^, whence E =^ ey^— ,• 

The formula for determining the distance of a planet 
from its periodical revolution, and conversely. 

The principle of rules containing inverted lines is shown 
as follows : — Let a, b, and c, denote any Idgarithmio 
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distance on the A, B, and C lines ; and, in lieu of D, let 
an inverted line A be laid down^ so that unity upon it 
coincides with the extremity of the C line. Then the 

yalne of the same distance upon this line will be -^ ; but 

if it be drawn aside until some other number r fall under 

the extremity, then its value will be -j; and .*. we shall 



r , t f Aca 



}iave-: :c::a:b, whence h = > where r is a constant 

A T 

divisor, and -4, c, a, any three numbers. 



Sdluium9 of the more dtfficuU Questions. 
Example 161, page 160.— 1 : 6 : : 3 : 18, the depth of 
the entire cone j hence -^ of the depth is cut off; .-. \jgj 

or 27 of the solidity is cut off, and the remaining frustum 

19 4 76 . 8 116 

is 27 > 5 of this is jgT> which added to ^y = J35 ) 

hence 136 : 18» : : 116 : ?« 

136 E : 18 2) : : 116 ^ : 17.12 D, the distance from the 
surface of the water to the bottom of the cone : hence 
17.12 — 12 = 6.12, the depth of the water. 

Ex, 162.— 2 : 18 : : 3 : 27, the height of the entire 

1 . . {^Y i- 

pyramid; hence ^ of the height is cut off; .'. \ig) or 27 

. . .26 

of the whole is cut off, and the remainmg frustum is 27 ; 

- of this is ^; so each person, will have gji and ^ will 

be for waste. The various bulks will therefore be as 
3, 29, 56, and 81. 
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Hence 81 : 27' : : 65 : ?• : : 29 : ?* : : 3 : 9»; 

81i7:272>:: 55^: 23.732) ::29i^: 19.172) ::3^:9i>; 

then 127 — 23.73 = 3.27 ; 23.73 — 19.17 = 4.66 ; 19.17 

— 9=10.17. 

Ex. 172.— 4 lb. : 3» : : 108 lb. : ?» 4tE: 32) :: 108 
B : 9 inches 2), the diameter of the globe; to find the 
content of which in gallons, the globe gauge point is 23 ; 
divide, then, by 23«, 9 times 9». 

23 2) : 9 C : : 9 2) : 1.37 gallons C; . 

12 + 1.37 = 13.37 gallons, the quantity virtually 
put into the vessel. 

Again, 6 : 20 : : 15 : 60, the height of the entire 
pyramid ; to find the content of which, in gallons, the 
ntagonal pyramid gauge point is 21.98 ; divide, then, 
►y 21.98», 60 times 15>. 

21.98 2) : 60 C7 : : 16 2) : 27.92 gallons 0; 

27.92 — 13.37 = 14.66, the content of the pyramidal 
segment above the surface of the water : then 27.92 : 60* 
: : 14.55 : ?» 

27.92 EiGOD:: 14.56 U : 48.28 inches 2), the height 
of the segmental pyramid above the water ; .*. 48.28 — 40 
= 8.28, the depth of the vessel unoccupied. 

Ihc. 173. — As - of the diameter is to be left, (^) or 

1 124 . . 

-— of the solidity will be left, and T05 will be turned 

down; .*. each will turn down — r^; the various bulks 

125 

will therefore be as 1, 32, 63, 94, and 125. 

Hence 125 : 10» : : 94 : ?' : : 63 : F^ : : 32 : ?» : : 1 : 2»; 

125^: 10 2) : : 94 J5; : 9.09 DiiGSE: 7.962) :: 32^ 
: 6.35 D : : 1 ^ : 2 2). 
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lb:. 174. — ^To find, in pints, the contents of a globe 
whose diameter is 3.6 inches. The pint gauge point for 
globes is 8.13 ; divide, then, by 8.13«, 3.6 times 3.6». 

8.13 2>:3.6(7::3.62>:.703C7; 
.703 + 1= .703 + .777 = 1.48; 

then .703 : 3.6» : : 1.48 : ?» .703 EiS.QD :: 1.48 E 
: 4.616 D, the diameter; and 113 -4 : 356 J? : : 4.615^ 
: 14.49 jB, the circumference. 

Ex. 175. — Let the diameters be 30 and 50. The 
round or conic gauge point for gallons is 46 ; the con- 
tent, therefore, by formula 17, page 137, is 

D 

5:1 

.2 

;.2 

55.5 gallons^ 

the content of a vessel whose depth is 12 inches, and 
diameters 30 and 50. Then, since the depth remains 
unaltered, the content will vary as the squares of the 
diameters ; 

( 30® ) 
hence 55.5 gals. • i 50a f • • ^^ &^^' ' ^' 

55.6 CiSODiiUC: 15.06 D, bottom diameter; 
55.6 (7 : 50 2> : : 14 C : 26.1 B, top diameter. 

Bound Timber, 

Instead of using the quarter girt, as mentioned at page 
176, it will be preferable to take the whole girt, and four 
times the divisor ; that is, putting L length in feet, </ girt 
in inches, then the content oy tlie common method will be 

^; thus, in question 183, 48 2) : 48 C : : 39 Z> : 31.7 
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feet C. To find the true oontent the .fonnuhi will he 
j^^; thus, in question 184, 42.68 2) : 48 C7 : : 39 D 
: 40} cuhio feet C. 

The following exhibits the formule for the four varie- 
ties under the simplest form : — 

rr.Pro.SpU. 82.54* Fr.Pwr.Spin. 8234* 

Vr.TwoFwb. 26.6* Fr.TwoOo. 4^ 

It will be found a great improvement to the rule to 
copy the formule at pp. 136, 137, 138, on the back of 
one of the slides. 

JwM^ 1848. 



THE END. 



fffKHIORFD ST L. JOHIIBOH k (XL 
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SCIENTIFIC AND PEAOTICAL. 



THE PRACTICAL MODEL CALCULATOS, 

Fob the Engineer, Machinist, Manufacturer of Engine Work, 
Nayal Architect, Miner, and Millwright. By Olivbb Btbnb, 
Compiler and £<titor of the Dictionary of Machines, Mechanics^ 
Engine Work and Engineering, and Author of yarious Mathe« 
matical and Mechanical Workis. Illustrated by numerous En- 
gratings. Now Complete, One large Volume, Octavo, of nearly 
six hundred pages * $8.50 

It wQl contain sndi calculations as are met with and required in the M»* 
ehanical Arts, and establish models or standards to gnide practical men. The 
Tables that are introduced, many of which are new, will greatly economiie 
labour, and render the eVery-day calculations of the praeUau num oomprehen* 
tiTe and easy. From every single calculation given in this work numexoui 
other calculations are readily modelled, so that each may be considered the head 
of a numerous family of practical results. 

The examples selected will be found appropriate, and in all cases taken ftom 
the actual practice of the present time. Ereiy rule has been tested by the uik* 
erring results of mathematical research, and oonflrmed hj experiment, when 
inch was necessary. 

Tlie PracUcal Model Calculator will be fbund to fill a vaeangr in the library 
of the practical working-man long considered a requirement It will be found 
to excel all other works of a similar nature^ from tiie great extent of its range, 
the exemplanr nature of its well-selected example^ and from the easy, simple^ 
and systematic manner in which the model ealculatlkins are established. 



NOREIS S HAND-BOOE: fob loco motive ENGL 
NEEBS AND MACHUVISTS: 

Comprising the Calculations for Constructing Locomotiyes 
Manner of setting Vidves, &c. &c. By Septimus Nobbis, Civil 
and Mechanical Engineer. In One Volume, 12mo., with illn» 
trations $1.50 
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THE AET8 OF TAHITIHG AH2) CITJBETIirO 

Theoretically and Practically considered in all their details. 
Being a full and comprehensiye Treatise on the Manufacture of 
the yarioos kinds of Leather. Blnetrated hy orrer two hmiGbred 
Engrayings. Edited from the French of De Fontenelle and 
Malapeyere. With nwnerons Emendations and Additions, by 
Campbbll MosviT, Practical and Analytical Chemist. Com- 
plete in one Volume, octaro $6.00 

Tbli important TieatiM will be found to oorer the whole field in the moet 
masterly manner, and It ia believed that in no other branch of applied adenM 
oonld more signal sarrloe be rendered to Ameiioan Manofaetorers. 

The pablisher is not afwam that In any other work heretofore iasned In thb 
eonntry, more gpaee has been deroted to this snitfect than a single chapter ; 
and in offering this Tolome to so large and intelligent a class as Amerieaa 
Tanners and Leather I>ressen^ he feels oonfldent of their sabstantial support 
and encouragement 



THE PRAC TICAL COTTOH-SPIiniraBt AND MANU- 
FACTURER; Or, The Maaager'g and Ovene^'g 
Companion. 

This works contains a ComprehensiTe System of CalcolatLdnB 
for Mill Gearing and Machinery, from the. first moTlng power 
through the different processes of Carding, Drawing, Slabbing, 
BoYing, Spinning, and Weaving, adapted to American Machinery, 
Practice, and Usages. Compendious Tables of Yams and Reeds 
are added. Illustrated by large Working-drawings of the most 
approTed American Cotton Machinery. Complete in One Volume, 
oetaTO $8.60 

This edition of 8oott*8 Gotton-Spinner, by Oum Bthhb, is deelgned fbt the 
American Operattre. It will be found inteniely praotieal, and irill be of the 
greatest ^ponible ralne to the Manager, Orerwer, and Worknuou 



THE PRACTICAL METAL-WORKER'S ASSISTAHT, 

For Tin-Hate Workers, Brasiers, Coppersmiths, Zinc-Plata 
Omamenters and Workers, Wire Workers, Whitesmiths, Black- 
smiths, Bell Hangers, Jewellers, Silver and Gold Smiths, Elec- 
trotypers, and aU other Workers in Alloys and Metals. By 
Chables Holtzappfbl. Edited, with important 'additions, by 
Oliyeb Btbnb. Complete in One Volume, ootaTO $4.00 

It win treat of Casting, Founding, and VorRing; of Tongs and other Tools; 
Degrees of Heat and Managemnet of Fbws; Welding; of Heading and Swage 
Tools ; of Punches and AnTlts ; of Hardening and Tempering; of Malleable Iron 
Oasdngs, Case ^rdeninj^ Wrought and Oast Iron. The management and ma 
loys,Mer" ■ -- 

gwithB 

differex 

IreDrati 
"'w' "» «»owp»pe. and eyery other known Metal-Worker's TooL To the 
r^ ? H®l*«»PPwlt,<Xuvm BTBin has added aU that is useful and peculiM 
•» the Amerleac Metal-Worker. 



^. ^ i employed. Prooesses d^pend( — — 

Jie ductility of MeUIs. Wire Drawing, Drawing Metal Tubes, Soldering. The 
"■""*'■"'*' . -* .. . - . - oL To t" 
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THE HANIfFACnnUB 09 IBOH HT ALL ITS 
VAEIOUS BRANCHES: 

T# iddch ia added an Essay on the Manufacture of Steel, hy 
Fbbdbriok Oybbman, Mining Engineer, with one hundred and 
fifty Wood Engravings. A new edition. In One Volume, oc- 
taTo, five hundred pag4b $5.00 

We hare now to annoniio tba g^peftraaoe of WMiher Taloablo work on the 
Mil^yeet whieh, in our humble opinion, supplies any deflcienoj whidi late inii> 
proTements and diaooreries may haye eansedi from the lapse of time sinoe the 
date of " Hushet" and ** Sohriyenor.'* It is the psoduotion of one of oor tran»> 
atlantio brethren, Mr. Frederick Orerman, Mining Engineer; and we do not 
hesitate to mt it down as a work of great importance to all connected with the 
iron interest; one which, while it is snficiently technological ftQly to explain 
chemical analysis, and the Tarioas phenomena of iron under different drcumr 



stances, to the satisfaction of tthe most ftstidious, is written in that clear and 
oprehensiye style as to be ayailable to the 
yantaget 
tors ihay see the desirabilify of placing it in the hands of their qperattyes.— 



oomprehensiye s^le as to be ayailable to the caiMScity of the humblest mind, 
.. .... - . Btotlwsei • * " ■ 



and consequently will be of mneh adyantage to those works where the propria* 
tors Jhay see the desirabili' ^ " " -^ • - - - .. • 
Lmion Momii^f JwmaU 



A TREATISE OH THE AMEBICAH STEAH-EHGINE. 

Illustrated by numerous Wood Guts and other EngraTing8< 
By Olitbb Btbns. In One Volume. (In press.) 

PBOPELLEES AHD STEAH JTAYIGATIOH: 

With Biographical Sketches of Early luTentors. By Bobbbt 
Maovaalahs, G. E., Editor of the " Scientifio American." In 
OneYolume, 12mo. Illustrated by oyer Eighty Wood Engrav- 
ings 76ct8. 

The oljeot of this ** History of Propellers and Steam Nayigation" is twofold. 
One is the arrangement and description of many deyices which haye been in- 
rented to propel yessels, in order to preyent many ingenious men from wasting 
their time, talents, and money on such prqjects. The immense amount of time, 
study, and money thrown away on such contriyances is beyond calculation. 
Xn^is respect, it is hoped that it will be the means of doing some good.— 
Ax/ucs. 

A TBEATISB ON 80KEW-FBOPELLEB8 AHB 
THEIB STEAH-EHOIHES. 

With Practical Rules and Examples by which to Calculate 
and Gonstract the same for any description of Vessels. By J. 
W. Ntstbom. Illustrated by thirty-two large working Draw- 
ings. In one Volumei octaya $8.50 
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PRACTICAL SERIES. 



THB AMERICAN MILLER AND MILLWRIGHT'S ASSIST- 
ANT. $1. 

THE TURNER'S COMPANION. 75 ots. 

THB PAINTER, GILDER, AND VARNISHER'S COMPA- 
NION. 76ct8. 

THE DYER AND COLOUR-MAKER'S COMPANION. 76 oti. 

THB BUILDER'S COMPANION. $1. 

THE CABINET-MAKER»S COMPANION. 75 cts. 

A TREATISE ON A BOX OP INSTRUMENTS. By Thomas 
Kentish. $1. 

THE PAPER-HANGER'S COMPANION. By J. Abbowsmith. 
75 cts. 

THE ASSAYER'S GUIDE. By Osoab M. Liebbb. 75 cts. 

THE COMPLETE PRACTICAL BREWER. ByM. L. Bybn. $1. 

THE COMPLETE PRACTICAL DISTILLER. ByM.L.Bybn. $1. 

THE BOOKBINDER'S MANUAL. 

THE PYROTECHNIST'S COMPANION. By G. W. Mobti- 

MER. 75 cts. 

WALKER'S ELECTROTYPE MANIPULATION. 75 ots 
COLBURN ON THE LOCOMOTIVE ENGINE. 76 cts. 

THE AMEBICAV MULEE AJSTD MILLWRIGHT'S 
ASSISTANT: 

By William Cabteb Hughes, Editor of " The American Mil 
ler," (newspaper,) Buffalo, N. Y. Hlustrated by Drawings of 
the most approved Machinery. In One Volume, 12mo $1 

The author offers it ai a snbetantial reference, instead of speculatiTe theorleS) 
which belong only to those not immediately attached to the business. Special 
notice is also given of most of the essential improTcments which hare of late 
been introduced for the benefit of the Miller.— iSivannaA BqintbUcan. . 

The whole business of making flour is most thoroughly treated by him. — 
BuUeUn 

A yery oomprehensiye yiew of the Millwright's busine88.->iSmcAem LUercoTf 
Muunger, 

THE TUKNEB'S COMPAmON: 

Containing Instructions in Concentric, Elliptic, and Eccentric 
Turning. Also, various Plates of Chucks, Tools, and Instru- 
ments, and Directions for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest : with patterns and Instruc- 
tions for working them. Illustrated by numerous Engravings. 
In One Volume, 12mo 75 cts. 

The olject of the Tamer's Companion is to explain in a clear, concise, and 
Intelligible manner, the rudiments of this beautiful art — Savannah H^pubUcan, 

There is no description of turning or Iathe>work that this elegant Jittle treatise 
does not describe and iUustrate.— Ti^iftem Lit. lUueng^. 
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TEE PAIHTEB, OILDEB, AND VABHISHEB'S 
COMFANIOn: 

Contaimng RuleB and Regulations for eyery tiling relating to 
the arts of Painting, Gilding, Yamisliing, and Glass Staining: 
numerous useful and yaluable Receipts ; Tests for the detection 
of Adulterations in Oils, Colours, &c., and a Statement of the 
Diseases and Accidents to vhich Painters, Gilders, and Yar- 
oishers are particularly liable ; "with the simplest methods of 
Preyention and Remedy. In one yol. small 12mo., cloth. 75cts. 

Rcjeeting all that appeared tattign to the f ul^ject^ the iwmpiler hai omitted 
nothing of real practical worths — BunJP* Menhaaiffi MagoHne, 

An excellent pracUoal vwrkt and one whioh the praotioal man eannot afflbrd 
to be without.— Jbrm«r and MeehanCe. 

It contains eyery thing that is of interest to persons engaged in this trade. 

This book will proTe Talnable to all whMW businesi is in mr way ooniieeted 
with painting.— Ao«r« WeOefy. ^ 

Cannot fail to be useftiL— Al T. OmmtrcM. 



THE BUILDEB'S POCKET C0MFA9I0H: 

Containing the Elements of Building, Suryeying, and Ar<^- 
tecture ; with Practical Rules and Instructions connected vith 
the subject By A. C. Smsaton, Ciyil Engineer, &«. In one 
yolume, 12mo. $1. 

CoKTBHTs: — ^The Builder, Carpenter, Joiner, Mason, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Surreyor, 
Cohesiye Strength of Bodies, Architect. 

It giyes, in a small space» the most thorough directions to the builder, ftom 
the layine of a brick, or the fblling of a tree, up to the most elaborate pro- 
duction of ornamental architecture. It is scientific without being obscure and 
unintelligible, and eyery house-carpenter, master, jonmeymao, or apprentice, 
should haye a copy at hf-i**! $lwuyB^—JBk)citino ^liBettfn. 

Oomplete on the suljeets of which it treats. A most usefU practical work. 
—BaU. Ameriocm, 

It must be of great practical utility.— ^vannaJk JRepublUoan, 

To whateyer branch of tiie art of building the reader may belong, he wiU 
find in this something yaluable and oaJcnlated to assist his i«9gress.->JbniMr 
and MschatUc 

This Is a yaluaUe little yolume^ deigned to assist the stodspt In the aoqpiisi' 
tion of elementary knowledge, and will be found highly adyantageous to eyery 
young man who bas deroted himself to the interesting pursuiif tf which b 

Digitized by LjOOQIC 



THE DTEB AKD C0L0TJE-MAlt£K*8 COM- 
PAHIOH: 

Containing upwards of two hundred Receipts for making Co 
lors, on the most approTed principles, for all the various stjlea 
and fabrics now in existence ; with the Scouring Process, and 
plain Directions for Preparing, Washing-off, and Finishing the 
Goods. In one Tolume, small 12mo., cloth. 75 cts. 

This Is another of that most excellent dan of practical books, which the 
pubHsher Ut glTing to the pnblia Indeed we belieye there li not, for maaQ> 
fkctorera, a more Talnable work, having been prepared for, and expressly 
adapted to their business.— Armer and Mechanic 

It is a Talnable ynfUL^—OUego BeptMUxm. 

We haTe shown it to srane praeUeal men, who sll pxomooncedit the eompletest 
ttOng of the Und thfy had seenr-A^. F. AWum. 



THE CABIHET-KAKEB AND UPHOLSTESEE'S 
COMFAHION: 

Comprising the Budiments and Principles of Cabinet Making 
and Upholstery, with familiar instructions, illustrated bj Ex- 
amples, for attaining a proficlencj in the Art of Drawing, ap 
applicable to Cabinet Work ; the processes of Veneering, Inlay 
ing, and Buhl Work ; the art of Dyeing and Staining Wood 
iTory, Bone, Tortoise-shell, etc. Directions for Lackering, Ja- 
panning, and Varnishing ; to make French Polish ; to prepare 
the best Glues, Cements, and Compositions, and a number of 
Receipts particularly useful for Workmen generally, with Ex- 
planatory and niustratlTe EngraTings. By J. Stokes. In one 
volume, 12mo., with illustrations. Second Edition. 76 cts. 



THE FAFEE-HAiraEE'S COMFAHION: 

In which the Practical Operations of the Trade are system 
atically liud down ; with copious Directions Preparatory to Pa 
oering ; PreTentions against the effect of Damp in Walls ; the 
various Cements and Pastes adapted to the seyeral purposes of 
the Trade; Obserratlons and Directions for the Panelling and 
Ornamenting of Rooms, &c. &o. By Jaxu Abbowsioth. In 
One Volume, 12mo. 76 cts. 
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THE AITALTTICAL CHEMISrS ASSISTAISTT: 
JL Manual of Chemieal Analysis, both QaalitatWe and Quan* 
titatiTO, of Natural and Artificial Inorganic Compounds; tc 
which are appended the Rules for Detecting Arsenic in a Case 
of Poisoning. Bj Fbbdbbik W(bhlbb, Professor of Chemistry 
in the UniTersity of Qottingen. Translated from the German, 
inth an Introduction, Illustrations, and copious AdditionSy by 
OsoAB M. Libber, Author of the " Assayer's Guide." In one 
Volume, 12mo. $1.25. 



BVRAL OHEMISTST: 

An Elementary Introduction to the Study of the Science, in 
its relation to Agriculture and the Arts of Life. By Edward 
SoLLBT, Professor of Chemistry in the Horticultural Society 
of London. From the Third Improyed London Edition. 12mo. 
$1.25. 

THE FETJIT, FLOWEE, AND EITCHEIT OAEDEIT. 

By Patrick Neill, L.L.D. 
Thoroughly rcTised, and adapted to the climate and seasons 
of the United States, by a Practical Horticulturist Illustrated 
by numerous ^grayings. In one volume, 12mo. $1.25. 



HOUSEHOLD STTEGEEY; OB, HINTS ON EMEE- 
GENCIES. 

By J. F. South, one of the Surgeons of St. Thomas's Hos- 
pital. In one Tolume, 12mo. Illustrated by nearly fifty En- 
gravings. $1.25. 



HOUSEHOLD MEDICINE. 

In one volume, 12mo. Uniform with, and a companion co. 
the above. (In immediate preparation.) 
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THB COMFLEIB PBACTICAL BBBWBS; 

Or, Plain, GoiidM, and AoeunJU Inatmetions in Aa Art of 
Breiiing Beer, Ala, Partar, he, fta., and tha PMeaas of Maldag 
all the 8man Baan. By IL LAVATsm Bxur, M. D. Wiih 
niiutrationa, 12mo. $1. 

THE OOKFLEEE PBACTICAL DI8TILLEB; 
By M. IiAVATBm Bteh, M. D. Wiih Uliiatrationa, 12mo. $1. 



THE EHCYCLOFEDIA OF CHEIfTWBY, PEACTI> 
CAL AND THEOBSnCAL: 

EnliradBg its appUca<aon to the Arts, Hetalliiiig7, Ifineralogr, 
Geology, Medicine, and Pharmacy. By Jakis G. Booth, Melter 
and Befiner in the United States Mint ; Professor of Applied 
Ghamiatry in the Franklin Instituta, etc; aaaisted by Cahpbbll 
MonriT, author of ^ Chemioal Manipulations," etc. Complete 
in one Tolume, royal octayo, 978 pages, with numerous vood / 
eats and other illustrations. $5. 

It eovm the whoto teU or OhemMzy «■ appUod to Arfti aB4#d«M. « • « 
As no libruy is complete without .a eommon dkHonazy, it is «m> our opinion 
that none can be without this Bn^dopedia of GhMsistiyd— iSfc»eii«glle AmetioaH. 

A work of time and labour, and a treasury of ehemieal inJbrmation.— iVbrM 
Amerieem, 

By Ikr the best manual of the kind which has been presented to the Ameri- 
ean palMcr-Boiton Onarier. 



PEBFUMEBT; ITB XAVUFACTVBE AMI) USE; 

With Instructions in every branch of the Art, and Beeeipts 
for all the Fashionable Plreparations ; the whole forming a yalu- 
able aid to the Perftimer, Druggist, and Soap Manufacturer. 
Illustrated by numerous Wood-cuts. From the French of Gel- 
nart, and other late authorities. With Additioins and ImproTO- 
ments by Gampbbll Mobftt, one of the Editors of the « Ency- 
elopedi. of Ghemistty.*' In one Tolume, 12mo., cloth. $1.50 
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A TBEATSSE OH A BOX OF nrSTSTrHENTS, 

And the Slide Buli, inth the Theory of Trigonometry and 
Logarithms, including Practical Geometry, Surveying, Measar* 
ing of Timber, Cask and Malt Gauging, Heights and Distances. 
By Thomas Ebhtish. In One Volume, 12mo. $1. 



THE LOCOMOTIVE ENGINE: 

Including a Description of its Structure, Rules for Estimating 
its Capabilities, and Practical Obserrations on its Construction 
and Management. By Zekah CoLBinEUV, 12mo 76 ots. 



STLLABTTS OF A COMPLETE COUESE OF LEC- 

TIJBES ON CHEMISTBT: 

Including its Application to the Arts, Agriculture, and Mining, 
prepared for the use of the Gentlemen Cadets at the Hon. E.-I. 
Co.'s Military Seminary, Addiscombe. By Professor E. Sollt, 
Lecturer on Chemistry in the Hon. E. I. Co.'s Military Seminary. 
Berised by the Author of <* Chemical Manipulations." In one 
volume, octavo, cloth. $1.26. 



THE ASSATEE'S GUIDE; 

Or, Practical Directions to Assayers, Miners, and Smelters 
for the Tests and Assays, by Heat and by Wet Processes, of the 
Ores of all the principal Metals, and of Gold and Silver Coins 
and Alloys. By Osoab M. Liebbb, late Geologist to the State 
of Mississippi. 12mo. With Illustrations. 76 cts.^ 



THE B0OE3INDEB*S XANTTAL. 

Complete in one Volume* 12mo. (in prees.) 
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BUKSBOTTPE MAHFDLAmMI: 

Belag tU TlMOiy Mid Plaifl Iiia*riiclieiMi u th« Alt of W<irUig 
in Metals, by PrMipitftdiig tlwin firoa th«r S^atiosfl^ through 
the agenoy of Qabraiiie or Yoltaio Electricitj. By Chaslxs Y 
Walkxb, Hon. Secreiaiy to ihe LondcMi Eleetrieal Soeietj, etc 
lUnstrated by Wood-outs. A New Edition, from the Twenty- 
fifth London Edition. 12mo. 76 cte. 



FSOTOCOOnO MAinPULATIOV: 

Containing the Theory and Plain Instructions in the Art of 
Photography, or the Productions of Pictures through the Agency 
of light; including Oalolype, Chrysotype, Oyanotype, Chroma- 
type, Energiatype, Anthotype, Amphitype, Daguerreotype, 
Thermography, Electrical and Oalvanio Impressions. By 
fiiOBon Thomas Fishbb, Jr., Assistant in the Labeiratory of 
the London Institution. Illustrated by wood-cuts. In one to* 
lume, 24mo., cloth. 62 cts. 



KATHEKATICS FOE PBACTICAL TOSS: 

Being a Common-Place Book of Principles, Theorems, Rules, 
and Tables, in yarious departments of Pure and Mixed Mathe- 
matics, with thmr Applications ; especially to the pursuits of 
Surreyors, Architects, Mechanics, andCiyil Engineers, with nu- 
merous Engravings. By OuNTHxis Guoo&T, L. L. D. $1.60. 

Only let men Kwwke, and fix their eyei, one whUe on the natura of tUagik 
another whfle on the appUoatton of them to tho nee and aerviee of mankind. 
—Lord Boom 



EZAMnrAXIOHS OF SBTF08, XEDICIHSS, CHB- 
MICALS, te. 

As to their Purity and Adulterations. By C. H. Pbirob, M.D., 
Translator of "Stockhardt's Chemistry," Examiner of Medicines 
for the Port of Boston, &c. &e. 12mo, doth $1.26 
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SHEEP«OTi1M«WtY IV XML flODTH: 

Oomprising « Sreotise on the AinUmfeiion tif SlsMvp in the 
Sonl^em States, and an Acoonnt of the different Breeds. Alflo, 
a Complete Manual of Breeding, Snmmer and Winter Manage- 
ment, and of the Treatment of Biseaees. With Portraits and 
other IlliurtrationB. Bj HJnmT 8. Baitdall. In One Volume, 

OOSStO ••••••••• ••••*•••• •••••• »*«••••«••••«••••• •»•»««•«• •••••• •»•••• ••••••^1*^0 



ELWOOD'S OEADT TABLES: 

Showing the yalue of Bushels and Pounds of different kinds 
of Grain, oaloulated in Federal Money, so arranged as to exhibit 
upon a single .page the value at a given piiee'firom ten cents to two 
doUan per bushel, of any quantity from one pound to ten thmuand 
htmhelt. By J. L. Elwood. A wm Edition. In One Volume, 
12mo $1 

To Millers and Produce I>eiiler8 this work li pronounced bj all who haTe it 
In uMk to be superior in arrangement to any work of the kind published— and 
unerring aeeuraey in every -ealnilaUtm may bereUed Mp(i»in every tiMtonoe. 

4^ A reward of Twen^^We IMlan is offined ibr an enror of «im cent fnoA 
In the work. 



KEBS UBBLEM COXPIiETE <OOBKEBT. 

Bireotions for Cookery, in its Various Branches. By Mxss 
Tmbjjm. Forty-seventh Edition. Thoroughly Revised, with the 
Addition of New Beceipts. In One Volume, 12mo, half bound, 
or in sheep ^ $1 

In preparing a new and eareftilly re-dsed edition of this my flrst work on 
jookery, I hare introdooed improrameatfl^ corrected errors, and added new 
receipts, that I trust will on trial be found satis&etory. The success of the 



cookery, I hare introdooed improrameatfl^ corrected errors, and added new 
receipts, that I trust will on trial be found satis&etory. The success of the 
book (proved by its immense and increasing eircolatlon) affords condusiTW erir 
denee that it has obtained the approbation of a large number of my country- 
women; many of whom haye informed me that it has made practical house- 
irises of young ladies who have entend into married lift with no other aoqoixe- 



ments than a few showy accomplishments. Gentlemen, also, haye told me of 
great Improyements in the family table, after presenting their wiyes with this 
manual of domestic cookery, and tha^ after a morning deyoted to the &ti^es 



of business, they no longer iind thanselTOS snttjected to the annoyance m ac 
Ul-dressed dinner.— JFV^/bos. 



MBS LfliUE'B TWO HU NDBE D BECEIFTS OT 
TEESCR COOKEEY. 

AnewEditiim, in cloth 26 oil. 

Digitized by V^OOQIC 
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THE DTBB*8 IVSIBTJCTOB, 

Compriring Praetieal IiurtraetioiiB m the Ait of ]>yeuig SOk, 
Cotton, Wool and Wonted and Woollen Goods, &o., containing 
nearly 800 Beceipts, to which is added the Art of Padding and 
the luting of Silk Warps, Skeins, and Handkerchiefs, and the 
Tarious Mordants and Colours for the different styles of such 
work. By Dayjd Smith, Pattern I)yer, 1 toL 12mo, (just 
published) $1.60 



TWO HUHDBED DESIOITS FOB COTTAGES AHD 
VILLAS, ftc. fte. 

Original and Selected. By Thomas U. Waltis, Architect of 
Qirard College, and Johh Jat Smith, Librarian of the Phila- 
delphia Library. Jr Four Paarts, quarto. $10 



GUIDE FOB WOBKEBS DT METALS AHD STOHE. 

Consisting of Designs and Patterns- for Gates, Piers, Balcony 
and Cemetery Bailing, Window Guards, Balustrades, Stair- 
cases, Verandas, Fanlights, Lamps and Lamp Posts, Palisades, 
Monuments, Mantles, Gas Fittings, StoTOS, Stands, Candlesticks, 
SilTer and Plated Ware, Chandeliers, Candelabras, Potters' 
Ware, &o. &e. By T. U. Walteb, Architect, and Johh Jat 
Smith, 4 toIs. 4to, plates. $10 



FAMILY EVCTCLOFEDIA 

Of Useftil Knowledge and General Literature; containing 
about Four Thousand Articles upon Scientific and Popular Sub- 
jects. With Plates. By John L. Blakb, P. D. In One Vo- 
lume, 8yo, cloth extra ..$3.60 



THE FTBOTECHHISrS COMFAHIOIT; 

Or, A Familiar System of BecreatiTO Fire-Works. By G. W. 
MoBTiMER. niustrated by numerous Engrayings. 12mo. 76ct8 
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STANDARD ILLUSTRATED POETRY. 



THE TALES AlTD POEMS OF LOED BYEOIT: 

Ulustrated by Hbnrt Warbek. In One Yolome, royal 8yo 

with 10 Plates, scarlet clotb, gilt edges |5 

Morocco extra $7 

It is illofltrated by sereral elegant engravings, from original designs by 
Wahrbv, and is a most splendid work fbr the parlour or study.-— JBbjftm Evening 
GousOte. 



CHUDE HAEOLD; A EODEAUITT BT LOED BTEOV: 

. niustrated by 12 Splendid Plates, by Wabben and others. In 

One Yolome, royal 8to., cloth extra, gilt edges $5 

Morocco extra $7 

Printed in elegant style, vith splendid pictures, far superior to any thing of 
the sort usually found in books of this kind.— JV. T, Omaier, 



THE FEICALE POETS OF AMEEICA 

By BuFus W. Gbiswold. A new Edition. In One Volume, 

royal 8vo. Cloth, gilt $2.50 

Cloth extra, gilt edges $8 

Morocco super extra $4.60 

The best production which has yet come flrom the pen of Dr. Oriswold» and 
the most yaluable contribution which he has eyer made to the literary celebrity 
6f the country.—;^. T, THbunt, 



THE LADT OF THE LAKE: 

By Sib Waltbb Soott. Illustrated with 10 Plates, by Cob- 
BOULD and Meadows. In One Volume, royal 8to. Bound in 

cloth extra, gilt edges |5 

Turkey morocco super extra $7 

This is one of the most truly beautiful books which has eyer issued from the 
American press. 



IJLLLAEOOKH; AEOKAHCEBT THOMAS MOOBE: 

Illustrated by 13 Plates, from Designs by Cobbottld, Mea- 
dows, and Stephanoff. In One Volume, royal 8to. Bound in 

eloth extra, gilt edges |5 

Turkey morocco super extra «....$ 

This is published in a style uniform with the <* Lady of the Lake.** 

Digitized by LjOOQIC ' 
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TEE POETICAL WOBSB OF THOMAS 0EA7: 

With Illnstrations bj C. W. Radoliv f. Edited with a Memoir^ 
by Hbnbt Rbed, Professor of English Literature in the Uni- 
versiij of Pcnnsjlyania. In One Yolume, 8yo. Bound in cloth 

extra, gilt edges $3.50 

Turkey morocco super extra $5.60 

In One Volume, 12mo, irithout plates, cloth. S1.25 

Do. do. do. doth, gilt edges.. ..$1.50 

We hare not seen a spedmen of ^Tpographical Inzniy from tbe American 
preae which can a orpaas thia Toloma in choice elegance.— Bg<<on Oawriar. 

It ia eminently calculated to conaecrate among American readera, (if they 
bftTe not heen oonaecrated alreadj tn their hearto,) the pnxe^ the dqpant^ tba 
refined, and, in many leapectfl^ tike aablime Imaginlnga of THOiua Geat.— 



THE POETICAL WOBSB OF HEHBT WADSWOBTH 
LOHGEELLOW: 

Illustrated by 10 Plates, afteip Designs by D. HuKTiiraDOir, 
with a Portrait Ninth Edition. In One Volume, royal 8to. 

Bound in doth extra, gilt edges * |5 

Morocco super extra ; $7 

Thia ia tbe Terj loxniy of literaturo— Lokofkllow'b ftharming 
lentad in a form of nnaiupaaaed heaaty.-— iVeoTa Qazdit, 



POETS AHD POETSY OP ElSTGLAnB IN THE SISE- 
TEENTH CENTUBT. 

By Butus W. Gbiswold. Illustrated. In One Volume, royal 

8yo. Bound in oloth.... $3 

Cloth extra, gilt edges $8.50 

Morocco super extra » $6 

Such ia the critical acnmen disooTored in theae 8eleetion8,that aeazoeija page 
is to be found bnt ia redolent with besaties, and the rolome itself may be re- 
garded as a galaxy of literary pearls^— i^emocroM Beoitw* 



THE TASK, AND OTHEB POEMS. 

By William Cowpeb. Illustrated by 10 Steel EngraTings. 

In One Volume, 12mo. Cloth extra, gilt edges .SS 

Morocco extra $8 

<*The Dlostratlons in this edition of Oowper are most exquisitely designed and 
engrared." 
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THE FEMALE POETS OF GREAT BEITAIir. 

With Copious Selections and Critical Remarks. Bj Fbbdbkio 

RowTON. With Additions. Illastrations. 8to, cloth |2.60 

Cloth extra, gilt edges |8.00 

Turkey morocco, super $4.50 

Hr. RowTOK has presented ns with admirably selected spedmens of nearly 
one hundred of the moot celebrated female poets of Great Britain, from the 
time of Lady Juliana Bemes, the first of whom there is any record, to the 
Mitfords, the Hewitts, the Oooka, the Barretts, and others of the present day.— 
Bumf a JierdtatU^ Jki{f(uine. 



SPECIMEirS OF THE BBITISH POETS. 

From the time of Chaucer to the end of the Eighteenth Cen- 
tury. By Thomas Cahpbkll. In One Volume, royal 8yo. 
(In press.) 



THE POETS Airp POETET OF THE AHCIEVTS: 

By William Pbteb, A. M. Comprising Translations and 
Specimens of the Poets of Greece and* Rome, with an elegant 

engrayed View of the Coliseum at Rome. Bound in doth $8 

Cloth extra, gilt edges $3.60 

Turkey morocco super extra $6 

It is without fear that we say that no sneh excellent or complete collection 
has erer been made. It is made with skill, taste^ and judgment— CAarleiton 



THE POETICAL WOBKS OF IT. PABEEB WILLIS. 

Illustrated by 16 Plates, after designs by E. Lbutzb. In One 
Volume, royal 8yo. A new Edition. Bound in cloth extra, 

gilt edges $5 

Turkey morocco super extra $7 

This is one of the most heantiftd works CTcr published in this country .-> 
Oomrier and ^iqmrer. 

Pure and perfect in sentiment, often in ezpressioa, and many • heart has 
been won firom sorrow or roused from apathy by his earlier melodies. The 
illustrations are l^ liEi)Tzi,>-a sufficient guarantee Ibr their beauty and grace. 
As for the typographical execution of the rolume, it will bear comparison with 
any English book, and quite surpasses most issues in Amerioa.^->iVeaZ'« OautU. 

The admirers of the poet could not baTC his gems in a better form for hoL 
4ay present8.~TK OmiinenL 
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MISCELLANEOUS. 



JOVBITAL OF ASHOLD S EXFEDHIOH TO 

QUEBEC, nr 1775. 
Bj IsAAO Sehtib, M. D. 8yo, boards 62 cts. 

ADYENTUBES OF CAFTAUr SIMOIT STFGOS ; 

And other Sketches. By JoHirsoir J. Hoopbb. With Illastra- 

tions. 12mo, paper 50 ots. 

Cloth 76 ots. 



AIJHT PATTT'S SCEAP-BAfi. 

By Mrs. Casolinb Lbb Hentz, Author of " Linda." 12mo. 

Paper oovers 50 ots. 

Cloth 76ots. 



BIG BEAB OF ABKAEfSAS; 

And other Western Sketches. Bdited by W. T. Poktek. In 

One Volume, 12mo, paper 50 cts. 

Cloth 75 ets. 



COMIC BLACEISTONE. 

Bj OiLBBBT Abbot a' Beckbt. Illustrated. Complete in One 
Volume. Cloth 75 ots. 



GHOST STOBIES. 

Illustrated by Designs by Pabibt. In One Volume^ 12mo, 
paper covers 50 cts. 



MOBEEir CHI7ALEY; OE, THE ADVEHTDBES OF 

CAFTAUr FAEEAGO AND TEAOUE O'EEGAH. 

By H. H. Bbackenbidoe. Second Edition since the Author's 
death. With a Biographical Notice, a Critical Disquisition on 
the Work, and Explanatory Notes. With Dlustrations, from 
Original Designs by Darlby. Two Tolumes, paper covers 75ct8. 
CJIoth or sheep Sl.OO 

Digitized by VjOO'*:. 
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COHPLEIE WOBKS OF LOBD BOLINGBBOEE* 

With a Life, prepared expressly for this Edition, containing 
Additional Information relatiye to his Personal and Public Cha- 
racter, selected from the best authorities. In Four Volumes, 

8to. Bound in cloth $7.00 

In sheep 8.00 

CHEOHICLES OF PINE7ILLE. 

By the Author of "Major Jones's Courtship." Illustrated by 

Dablet. 12mo, paper SOcts. 

Cloth 75cts. 



GILBERT OTJBNET. 

By Theobobb Hook. With Illustrations. In One Volume, 
8to., paper....' 60 cts. 



HEUOnUS OF THE OENEBA^S, COUUQDOEES, 
AND OTHEB COMUANDESS, 

Who distinguished themselyes in the American Army and 
Navy, durine the War of the BcTolution, the War with France, 
that with Tripoli, and the War of 1812, and who were presented 
with Medals, by Congress, for their gallant services. By Thomas 
Wtatt, a. M., Author of ** History of the Kings of France." 
Illustrated wiUi £ighty>two Engravings from the Medals. 8yo. 

Cloth gilt |2.00 

Half morocco $2.60 



OEMS OF THE BEITISH POET& 

By S. C. Hall. In One Volume, 12mo., cloth fl.OO 

Cloth, gUt $1.26 



VISITS TO BEMAKXABTiF. PLACES: 

Old Halls, Battle Fields, and Scenes Hlustrative of striking 
passages in English History and Poetry. By William Howitt. 
In Two Volumes, 8to, cloth $4.00 

Digitized by V^OOQIC 



IB 

HASSATIVE OF THE ABCTIC LAHD EZFEDITIOV. 

By Captain Back, R. N. In One Volnme, 8vo, boards... $2.00 



THE MISCELLANEOTTS WOBKS OF WUUAM 
HAZUTT. 

Including Table-talk ; Opinions of Books, Men, and Things ; 
Lectures on Dramatic Literature of the Age of £lixabeth ; lec- 
tures on the English Comic Writers ; The Spirit of the Age, or 

Contemporary Portraits. Fiye Yolumes, 12mo., cloth f 5.00 

Halfcafr $6.26 



FLORAL OFFEBIHO 



A Token of Friendship. Edited by Fran<:;s8 8. Osgood. Slns- 
trated f)y 10 beautiftil Bouquets of Flowers In One Volume, 

4to, muslin, gilt edges $3.60 

Turkey morocco super extra $6.60 



THE mSTOBICAL ESSAYS, 

Published under the title of <<Dix Ans D'Etude fiistonque,'' 
and Narratives of the Merovihgian Era ; or, Scenes in the Sixth 
Century. With an Autobiographical Preface. By Augustus 
Thiebbt, Author of the ** History of the Conquest of England 

by the Normans." 8vo., paper ll.OO 

Cloth f 1 25 



BOOK OF THE SEASONS; 

Or, The Calendar of Nature. By William Howitt. Oni 

Volume, 12mo, cloth |i 

Calf extra $it 



PICKINGS FROM THE <<f OETFOLIO OF THE B E- 
POBTEE OF THE NEW OBLEANS PICAYUNE." 

Comprising Sketches of the Eastern (Tankee, the Western 
Hoosier, and such others as make up Societyin the great Me- 
tropolis of the South. With Designs by DaJujit. 18mo., 

paper 50 cts. 

^'lo«^ r ......76 cts. 
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NOTES OF A TEAVELLEB 

On the Social and Political State of France, Prussia, Switzer- 
land, Italy, and other parts of Europe, during the present Cen- 
tury. By Samttbl Lainq. In One Yolume, 8to., cloth $1.50 



HI8T0ET OF THE CAPTIVITY OF HAPOIEOH AT 
ST. HELENA. 

By Gekbbal Count Montholon, the Emperor's Companion in 
Exile and Testamentary Executor. One Yolume, 8to., cloth, $2.50 
Half morocco $3.00 



HT SHOOTING BOX. 

By Frank Fobbbsteb, (Henry Wm. Herbert, Esq.,) Author of 
"Warwick Woodlands," &c. With Illustrations, by Dablet. 

One Volume, 12mo., cloth 76 cts. 

Paper ooyers 50 cts. 



KTSTEBIES OF THE BACKWOODS: 

Or, Sketches of the South-west — ^including Character, Scenery, 
and Bural Sports. By T. B. Thoupe, Author of *' Tom Owen, 
the Bee-Hunter," &c. Illustrated by Dablet. 12mo, cloth, 75 cts. 
Paper 60 cts. 



HABBATIVE OF THE LATE EXPEDITIOH TO THE 

DEAD SEA. 

From a Diary by one of the Party. Edited by Edwabu P. 
MoNTAaiTx. 12nio,' doth.^. $1 



MTDBEAHS: 

A Collection of Poems. By Mrs; LoxnsA S. MoCobd. 12mo, 
boards *; 75 cts 



AHEBICAN COMEDIES. 

d by Google 



By James K. Paulding and Wm. Ibvinq Paulding. One 
Volume, 16mo, boards 50 cts. 
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KAMBLES IN YXJCATAU ; 

Or, Notes of Travel through the Peninsula : including a Visit 
to the Bemarkable Ruins of Chi-chen, Eabah, Zayi, and UxmaL 
With numerous niustrationB. By B. M. Noiiman. Seyenth Edi- 
tion. In One Volume, oetaTo, oloth $2 



THE AKEEICAS DT PABIS. 

'By John Sakdxbson. A New Edition. In Two Volumes, 
12mo, doth .: $1.60 

Tbii Ifl the moet Animated, gramfU, uid inteUigent sketch of French man- 
ners, or any other, that we hmye had flbir tfaeie twenty years^-Xondoii MonMg 



kobhstsoh cbttsoe. 

A Complete Edition, with Six Illustrations. One Volume, 

8to, paper ooYors •..• $1.00 

Cloth, gUt edges $1.25 



SCENES nr THE BOCBT HOVNTAINS, 

And in Oregon, California, New Mexico, Texas, and the Grand 
Prairies ; or. Notes by the Way. By Rufus B. Saqs. Second 

Edition. One Volume, 12mo, paper covers 50 ots. 

With a Map, bound in cloth 75ct8. 



THE PUBLIC HEN OF THE SEVOLUTION: 

Including Events from the Peace of 1788 to the Peace of 1816. 
In a Series of Letters. By the late Hon. Wm. Sulltvah, LL. D. 
With a Biographical Sketch of the Author, by his son, John T. 
S. Sullivan. With a Portrait. In One Volume, 8vo. cloth$2.50 



rS 07 THE EinaHTS 07 ICALTA. 

By Albxandbb Sutherland. In One Volume, 16mo,oloth, $1.00 
Paper 76ot8. 



ATALANnS. 
A Poem. By William Gilmobb Simms. 12mo, boards, 60 Oti. 

[le 
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LIVES OF MEN OF LEITEBS AND SCIENCIE. 

By Hbnby Lord Bbougham. Two Volumes, 12mo, cloth, |l,60 
Paper $1.00 



TBDB LIFE, LETTEBS, AND JOUBNALS OF LOED 
BYRON. 

Bt Thomas Moobb. Two Volmnes, 12mo, doth $2 

THE BOWL OF PUNCH. 

Blnstrated by Numerous Plates. 12mo, paper 60 cts. 

CHTLDREN IN THE WOOD. 

BlnBtraied by Hastxt. 12mO| oloth, gilt 50 oti. 

P^per 26 oti. 

TOWNSEND'S NABBAT IVE OF THE BATTLE OF 
BBANDTWINE. 
One Volumoi 8to, boards • • $1. 

THE POEMS OF C. P. CBANCH. 

In One Volume, 12mo, boards 87 cts. 



THE WOBES OF BENJ. DISBAEU. 

blum< 
Paper coYors. 



Two Volumes, 8vo, cloth |2 

$1 



NATDTBE DISPLAYED IN HEB MODE OF TEACH- 
ING FBENCH. 

By N. G. Dumr. Two Volumes, 8vo, boards $5 

NATUBE DISPLAYED IN HEB MODE OF TEACH- 
ING SPANISH. 

By K. G. Dunxr. In Two Volumes, 8to, boards $7 

Digitized by VjOOQlC 
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rBBHCH AHD EHGUSH DICnOlTABT. 

By N. Q. DuFiBV. In One Volume, 8to, sheep $5 

EBOISSABT BALLADS AHD OTHEB POEMS. 

By Phuip Pendleton Cooki. In One Volxune, 12mo, 
boarda 50ot8. 

THE LIFE 07 SICHABD TBDB THTTIT). 

By Mi8S Halstxd. In One Volume, 8yo, cloth $1.60 

THE LIFE OF HAPOLEOH BOITAPABTK 

By William Hazlitt. In Three Volumes, 12mo, doth .|8 

Half calf $4 

TRAVELS nr GEBHAN7, BT W. HOWITT. 
ETEES HABBATIVE. BTTBHE'S CABOOL. 

In One Volume, 8yo, cloth $1.25 

CAKPAHmS HOLMES'S ACCOUVT OF HEW 

SWEDEH. 
8to, boards.. $1.60 

IMAGE OF HIS FATHER 

By Mathew. Complete in One Volume, 8yo, paper. ...25 . 

SPECIMENS OF THE BBTTISH CBITlCa 

By ChbistophebNobth (Professor WilsonV 12mo,cloth. $1.00 

A TOUE TO THE BIVER SAUGEHAT, DT LOWEB 

GAHADA. 

. * By Chables Laxman. In One Volume, 16mo, cloth....62 cts 
I*»per 50 ots 
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TRAVELS nr ATTSTBIA, BTTSSIA, SCOTLAHD, 

EHGLAND AND WALES. 
Bj J. G. EoHL. One Volame, Syo. cloth $1 26 

LIFE OP OLIVEE GOLDSMITH. 

By Jahis Fbiob. In One Volame, 8yo, boards 2 

OUE ABKT AT HONTEBET. 

ByT. B. Thobps. 16mo, cloth 62ct8. 

Paper covers 60ct& 

OTJB ABKT OH THE BIO GBANDE. 

By T. B. Thobpe.' 16mo, cloth 62ct8. 

Paper covers SOcts. 

LIFE OF LOBEHZO DE HEDICI. 

By WiLLiAU BosooE. In Two Volumes, 8yo, cloth .....IS 

HISCELLANEdTTS ESSATS OF SIB WALTEB SCOTT. 

In Three Volomes, 12mo, cloth |3.60 

Half morocco $4.26 

SEBHOH OH THE HOUHT. 

Illuminated. Boards |l.60 

" Silk |2.00 

" Morocco super * Is.OO 



MISCELLAHEOTTS ESSAYS OF THE BEV.SYDHEY 
SIOTH. 

In Three Volumes, 12mo, cloth |3.50 

Half morocco $4.25 

MRS. GAXJDLE'S CURTAIN LECTURES 12}eti. 

Digitized by VjOOQIC 
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8EBM0HS BT THE BEY. STDKET SMITH. 

One Volume, 12mOy cloth 75et8. 

MISCELLANEOTTS ESSAYS OF SIB JAMES 
STEPHEir. 

One Volume, 12mo, cloth $1.25 

THBEE HOUBS; OB, THE VIGIL OF LOVE. 

A Volume of Poems. By M&s. Haxb. 18mo, boards... 75 cts 

TOBLOGH OBBIEH: 

A Tale of the Wars of King James. 8yo, paper coyers 12} cts 
Illustrated 87}cts 

Air AXTTHOB'S TBJNB. 

Edited by M. F. Tuppeb. One Volume, 16mo, cloth....62 cts. 
Paper covers 50 cts. 

HISTOBT OF THE ANGLO-SAXONS. 

By Shabon Tubneb. Two Volumes, 8to, cloth $4.50 

FBOSE WOBES OF N. PABEEB WILLIS. 

In One Volume, 8vo, 800 pp., cloth, gilt |3.00 

Cloth extra, gilt edges.... $3.50 

Library sheep $3.50 

Turkey morocco backs $3.75 

** extra $6 50 

MISCELLANEOUS ESSATS OF PBOF. WILSON. 

Three Volumes, l2mo, cloth $8.50 

WOBD TO WOMAN. 

hy Caroline Fry. 12mo, cloth 60 cts, 

WYATT'S HISTORY OF THE KINGS OF FBANCE. 

lllustraled by 72 Portraits. One Volume, 16mo, cloth. ..$1,00 
Clotli, extra gilt Si' 25 
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